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Cell line producing analgesic compounds for treating pain 

* 

Field of the Invention 

The present invention relates to a cell line 
5 useful for the treatment of pain. More particularly, 
the cell line of this invention has been genetically 
engineered to produce at least one analgesic compound 
from each of the groups consisting of endorphins, 
enkephalins, and catecholamines. 

10 Background of the invention 

Pain is a common symptom of disease. The 
superficial dorsal horn of the spinal cord, where 
primary afferent fibers carrying nociceptive 
information terminate, contains enkephalinergic 

15 interneurons and high densities of opiate receptors. 
In addition, there is a dense concentration of 
noradrenergic fibers in the superficial laminae of the 
spinal cord. 

Acute pain arises in response to acute 

20 noxious stimuli. Chronic pain is predominantly due to 
neuropathies of central or peripheral origin. This 
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neuropathic pain is the result of aberrant 
somatosensory processing that can result in increased 
sensitivity to a painful stimulus (hyperalgesia) and 
pain associated with a stimulus that does not usually 
5 provoke, pain (allodynia) . 

Intrathecal injection of morphine into the 
spinal subarachnoid space produces potent analgesia. 
Similarly, intrathecal administration of norepinephrine 
or noradrenergic agonists also produces analgesia. 

10 See, e.g., Sagen et al., Proc. Natl. Acad. Sci. USA/ 
83, pp. 7522-26 (1986) . 

Co-administration of subeffective doses of 
opiates, such as enkephalins, and catecholamines, such 
as norepinephrine, may synergize to produce analgesia. 

15 Ibid. Chromaffin cells in the adrenal medulla produce 
and release several neuroactive substances including 
norepinephrine, epinephrine, met-enkephalin, leu- 
enkephalin, neuropeptide Y, vasoactive intestinal 
polypeptide, somatostatin, neurotensin, cholecystokinin 

20 and calcitonin gene-related peptide. See, e.g., Sagen 

et al., Prnr. Natl. Arari. Sci. USA, 83, pp. 7522-26 
(1986); Sagen et al., Jour. Neurochem., 56, pp. 623-27 
(1991) . 

Because chromaffin cells produce both opioid 
25 peptides and catecholamines, one approach to reduction 
of nociceptive response or pain sensitivity has 
investigated transplanting adrenal medullary tissue, as 
well as isolated adrenal chromaffin cells, directly 
into CNS pain modulatory regions, in attempts to 
30 provide analgesia. See, e.g., Sagen et al., Brain 
Research . 384, pp. 189-94 (1986); Vaguero et al., 
Neuroreport . 2, pp. 149-51 (1991); Ginzberg and 
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Seltzer, fjrfl^ ^^ h ' 523, pp. 147-50 (1990); Sagen 
et al. f Eain, 42. pp. 69-79 (1990). 

Attempts to produce analgesic have been made 
using both allogeneic and xenogeneic chromaffin tissue 
5 or cells transplants. Allograft tissue is in limited 
supply, and is not readily available, particularly for 
in human pain treatment programs. In addition, 
allogeneic human tissue carries the risk of pathogenic 
contamination. .See e.g., Hama and Sagen, grain 
10 Research/ 651, pp. 183-93 (1994). 

Xenogeneic donors may provide large \ 
quantities of material that can be readily obtained. 
For this reason, bovine adrenal tissue has been used: 
See, e.g., Hama and Sagen, Brain Research, 651, 
15 pp. 183-93 (1994) . 

However, potentially serious host 
consequences, as well as ultimate graft rejection, are 
inherent problems in transplantation between disparate 
species. Complete graft rejection of whole or 
20 dissociated tissue may occur even in the CNS, normally 
thought to be immunologically privileged, due to 
presence of highly antigenic cells in the xenografts, 
particularly endothelial cells. In addition, the donor 
tissue must be carefully screened to avoid introduction 
25 of viral contaminants, or other pathogens, to the host. 
To overcome graft rejection, immunosuppression is 
required typically using cyclosporine A. 

Some reduction in pain sensitivity has been 
reported resulting from these transplants, particularly 
30 for the reduction of low intensity chronic pain. In 
most reports, significant differences between control 
and transplanted animals were noted only after nicotine 
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administration to stimulate opioid peptide production. 
However, there have been some reports that analgesia 
has been observed in a rat chronic pain model from 
basal level activity of chromaffin tissue allografts. 
5 See, e.g., Vaquero et al., Neuyofieport/ 2, pp. 149-51 
(1991) and Hama and Sagen, Prflin Research/ 651, pp. 
183-93 (1994) . 

Bovine adrenal chromaffin cells have been 
encapsulated to form a bioartif icial organ ("BAO") for 

10 implantation into rats for the- treatment of acute and 
chronic pain. See, e.g., Sagen et al., J, N^n'rosci,, 
13, pp. 2415-23 (1993) and Hama et al., 7th World 
congress Pain , Abstract 982, Paris France (1993). 
Initial trials in human subject have been conducted 

15 using encapsulated bovine chromaffin cells. See, 
Aebischer et al., Transplantation. 58, pp. 1275-77 
(1994) . 

There have also been attempts to induce 
antinociception using other cells, e.g., AtT-20 cells. 

20 AtT-20 cells were originally derived from a mouse 

anterior pituitary tumor. These cells synthesize and 
secrete JJ-endorphin. See, e.g., Wu et al., J, Neural 
Transnl , fi Plasticity, 5, pp. 15-26 (1993). 
AtT-20/hENK cells are AtT-20 cells that have been 

25 genetically engineered to carry the entire human pro- 
enkephalin A gene (i.e. containing 6 met-enkephalin 
sequences and one leu-enkephalin sequence) with 200 
bases of 5* -flanking sequence and 2.66 kilobases of 3 f - 
flanking sequence. See Wu et al., supra/ Comb et al., 

30 F.MBO 4, pp. 3115-22 (1985). 

WU et al., sL Neural Transpl. fi Plasticity, 

5, pp. 15-26 (1993) refers to rat hosts transplanted 
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with AtT-20 or AtT-20/hENK cells. Unstimulated AtT- 
20/hENK cells produced more antinociception (tail flick 
test) than produced by AtT-20 implants. In contrast, 
isoproterenol stimulation produced more antinociception 
5 with AtT-20 cells than with AtT-20/hENK cells. Ibid. 

In mice hosts, AtT-20 or AtT-20/hENK implants 
did not affect basal response to thermal nociceptive 
stimuli. Mice receiving AtT-20 implants developed 
tolerance to Ji-endorphin and a p-opioid agonist 

10 (DAMGO) . Mice receiving AtT-2Q/hENK implants developed 
tolerance to an 5-opioid agonist (DPDPE) . In response 
to repeated doses of an p opiate agonist, mice 
receiving AtT-20/hENK implants developed less tolerance 
compared to mice receiving AtT-20 cells or controls. 

15 The antinociceptive effect of isoproterenol 

treatment appeared equal in mice receiving AtT-20 or 
AtT-20/hENK cell implants. See, Wu et al., JL. 
NPtirnsrience, 14, pp. 4806-14 (1994). Wu et al. 
speculated that one reason for the absence of 

20 additional antinociception in mice implanted with 

enkephalin producing AtT-20/hENK cells may be due to 
lack of sensitivity of the behavioral assays. Another 
possible reason was that met-enkephalin' s known 
antagonist effect on morphine induced antinociception 

25 offset the potentiating effect of the single 

leu-enkephalin, particularly since there are 6 met- 
enkephalin sequences for each leu-enkephalin sequence 
in pro-enkephalin A. 
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Summary of the Invention 

The present invention provides a cell line 
that has been genetically engineered to produce at • 
least one analgesic compound from each of the groups 
5 consisting of endorphins, enkephalins, and 

catecholamines. The cell line may be used in the 

treatment of pain. 

There are advantages to using a cell line 
over the use of primary cells. Expensive and time 
10 consuming testing to ensure safety and performance 
criteria for cells must be performed for individual 

* 

isolations of primary cells. Less testing is required . 
of a cell bank. There is no need to isolate primary 
cells. Output of the desired analgesics may be more 

is stable since the performance of primary cells may be 
dependent on the age, sex, health or hormonal status of 
the donor animal. It is also possible to achieve 
higher output of the desired products, as well as to 
engineer specifically modified peptides into the cell 

20 line. This permits delivery of multiple analgesics 
simultaneously. Expression of one or more of the 
analgesics can be regulated (by using a regulatable 
promoter to drive expression) . In addition, for 
safety, a "suicide" gene can be incorporated into the 

25 cell line. Further, for encapsulation purposes 

proliferating cells have the advantage that they divide 
to replace dying or dead cells. 
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Briftf Description of the Drawing 

Figure 1 is a plasmid map of vector pBS- 
hPOMC-027, pBS-IgSP-hPOMC-028 and pBS-IgSP-hPOMC-AACTH- 
029. 

5 Figure 2 is a plasmid map of vectors pCEP4- 

hPOMC-030, pCEP4-hPOM0031, pcDNA3-hPOMC-034 and 
pcDNA3-hPOMC-035 . 

Figure 3 is a plasmid map of vectors pCEP4- 
hPOMC-AACTH-032, pCEP4-hPOMC-AACTH-033, pcDNA3-hPOMC- 
10 AACTH-36 and pcDNA3-hPOMC-AACTH-037 . 

Figure 4 is a plasmid map of vectors pcDNA3- 
rTH-044, pcDNA3-rTHA-045, and pcDNA3-rTHDKS-075 (also 
represented as pcDNA3-rTHAKS-075) . 

Figure 5 is a plasmid map of vectors pcDNA3- 
15 rTHA-IRES-bDBH-088 and pcDNA3-rTHAKS-IRES-bDBH-076 . 

Figure 6 is a plasmid map of vector pZeo- 
Paiiv-rTHAKS-IRES-bDBH-088 . 

Figure 7 is a plasmid map of vector pBS-Pcmv- 
rTHAIRES-bDBH-067 . 
20 Figure 8 is a plasmid map of vector pBS- 

hPOMC-AACTH-IRES-rTHAIRES-bDBH-068 . 

Figure 9 is a plasmid map of vector pcDNA3- 
hPOMC-AACTH-IRES-rTHA-IRES-bDBH-069. 

Figure 10 is a plasmid map of vector pcDNA3- 
25 IRES-Zeocin-072 . 

Figure 11 is a plasmid map of vector pcDNA3- 
hPOMC-AACTH-IRES-rTHA-IRES-bDBH-IRES-Zeocin-073. 

Figure 12 is a plasmid map of vector pcDNA3- 
hPROA+KS-091. 
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B&railad Dfifi^r i fftiQn of the Invent i on 

In order that this invention may be more 
fully understood, the following detailed description is 
set forth. 

5 Any suitable cell may be transformed with the 

recombinant DNA molecules of this invention. Among the 
contemplated cells are chromaffin cells/ including 
conditionally immortalized chromaffin cells such as 
those described in WO 96/02646, Neuro-2A, PC12, PC12a, 

10 SK-N-MC, AtT-20, and RIN cells including RINa and RINb. 
Preferably the cell has endogenous prohormone 
convertases and/or dopa decarboxylases. 

SK-N-MC cells, a neuroepithelioma cell line, 
co-expresses several neuropeptides, including 

15 enkephalin, cholecystokinin and gastrin-releasing 

peptide. See, e.g., Verbeeck et al., J. Piol. Cheini* 
265, pp. 18087-090 (1990) . The pro-enkephalin A gene 
has been expressed in SK-N-MC cells. See, e.g., 
Folkesson et al., Mol- Brain Res., 3, pp. 147-54 

20 (1988) . We prefer AtT-20 and RIN cells, most 
preferably RIN cells. 

RIN cells are a pancreatic endocrine cell 
line derived from rat. See, e.g., Horellou et al., 
J . Phvsiol. , 85, pp. 158-70 (1991). RIN cells are 

25 known to endogenously produce GABA and JJ-endorphin. 

Some of the characteristics of various 
contemplated cells are shown in Table 1. 



SUBSTITUTE SHEET (RIM 26) 



WO 96/40959 



PCT/US96/09629 



n\h$r Components 
TH, DDC, DPH, PC 
DDC, DPH, PC 
DDC, PC 
DDC, PC 
DDC, PC 
DDC, DPH, PC 



TH ■ Tyrosine hydroxylase converts tyrosine - l-dopa 

10 DDC = Dopamine decarboxylase converts l-dopa - dopamine (DA) 

DpH ■ Dopamine p-Hydroxylase converts DA - norepinephrine (NE) 

PC » Prohormone Convertases process POMC to P-endorphin and Pro- 

enkephalin A (ProA) to met-enkephalin. 

AtT20 ■ Mouse pituitary corticotroph cell line that endogenously secretes P-endorphln 

15 via expression of Pro-opiomelanocortin (POMC). 

RIN = Rat insulinoma 

Neuro 2A « Mouse neuroblastoma 



The primary delivery products include at 
least one each of an endorphin, an enkephalin and a 

20 catecholamine. 

Enkephalins and endorphins are endogenous 
opioid peptides in humans. These opioid peptides 
comprise approximately 15 compounds ranging from 5 to 
31 amino acids. These compounds bind to and act at 

25 least in part via the same p opioid receptor as 

morphine, but are chemically unrelated to morphine. In 
addition, these compounds stimulate other opiate 
receptors. Yaksh and Malmberg, Textbook Of Pain* 3rd 
Ed. (Eds. P. Wall and R. Melzack) , "Central 

30 Pharmacology of Nociceptive Transmission," pp. 165-200, 

1994 (New York) . 

The opioid peptides have common chemical 
properties, but are synthesized in different pathways. 
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Table 1 



Cell? 


Analaesic Substances 


Chromaffin 


NE, met-enkephalin 


PC12, PC12a 


low NE & met-enkephalin 


AtT-20 


P-endorphin 


RINa 


(^endorphin, GABA 


RINb 


^-endorphin 


Neuro 2A 
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fi-endorphin, the most abundant endorphin, is 
synthesized as part of a larger precursor molecule, 
pro-opiomelanocortin ("POMC"). The POMC molecule 
contains the full sequence of adrenocorticotrophic 
5 hormone ("ACTH") , a-melanocyte-stimulating hormone 

("a-MSH"), B-MSH, and B-lipotropin. The POMC precursor 
molecule also has the potential to generate other 
endorphins, including a-endorphin and gamma-endorphin. 
Processing of the POMC precursor occurs differently 

io within various tissues according to the localization of 
cleavage enzymes , such as prohormone convertases, 
within those tissues. 

In the pituitary, POMC is cleaved to produce 
ACTH and JJ-endorphin, and the ACTH is not further 

15 processed. In contrast, in the hypothalamus, ACTH is 
converted to B-MSH. While different cell types may 
synthesize the same primary gene product, the final 
profile of hormone secretion may differ widely. 

This invention contemplates use of a DNA 

20 sequence encoding any suitable endorphin that has 

analgesic activity. In addition, analogs or fragments 
of these endorphins that have analgesic activity are 
also contemplated. Thus the endorphin to be produced 
by the cells of this invention may be characterized by 

25 amino acid insertions, deletions, substitutions and 
modifications at one or more sites in the naturally 
occurring amino acid sequence of the desired endorphin. 
We prefer conservative modifications and substitutions 
(i.e., those having a minimal effect on the secondary 

30 or tertiary structure of the endorphin and on the 
analgesic properties of the endorphin) . Such 
conservative substitutions include those described by 
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Dayhoff in B&las nf Protein Sequence and Structure/ 5, 
(1978) and by Argos, EmbQ-JL/ 3, pp. 779-85 (1989). 

Techniques for generating such variants of 
naturally occurring endorphins are well known. For 
5 example, codons in the DNA sequence encoding the wild 
type endorphin may be altered by site specific 
mutagenesis. 

This invention contemplates using a DNA 
sequence encoding the entire POMC precursor molecule. 
10 This embodiment takes advantage of the host cell's 
cleavage enzymes (i.e., Prohormone convertase 2) to 
generate a suite of endorphins, some or all of which 
may have analgesic properties. 

This invention also contemplates use of DNA 
15 fragments of the POMC gene that encode a particular 
desired endorphin. 

The DNA and amino acid sequence of POMC are 
well known. Cochet et al., 297, pp. 335-9 

(1982); Takahashi et al., Nucl. Acids Res., 11, 
20 pp. 6847-58 (1983) . 

We prefer a DNA sequence encoding POMC in 
which the ACTH coding region has been deleted. The 
preferred endorphin encoded by this construct is 
B-endorphin. 

25 Some enkephalins are synthesized in the 

adrenal glands as part of a large protein, pro- 
enkephalin A, that contains six repeats of the Met- 
enkephalin sequence and one Leu-enkephalin structure. 
Met-enkephalin, as well as Met-enkephalin-Arg-Phe and 

30 Met-enkephalin-Arg-Gly-Leu have significant 

antinociceptive activity. See, e.g., Sagen et al., 
Brain Res., 502, pp. 1-10 (1989). 
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Other enkephalins, i.e., dynorphins and neo- 
endorphins are derived from a distinct molecule, pro- 
enkephalin B. Additional "cryptic" peptides are also 
encoded within the structure of these precursor 
5 proteins, and may be released by "pro-hormone- type" 
cleavage. See, e.g., Harrison's "Principles Of 
Internal Medicine", 12th Edition, pp. 1168-69 (1991). 

This invention contemplates use of a DNA 
sequence encoding any suitable enkephalin that has 

10 analgesic activity. Analogs and active fragments that 
have analgesic properties are also contemplated. Such 
analogs or fragments may thus have amino acid 
insertions, deletions, substitutions at one or more 
sites in the naturally occurring amino acid sequence. 

is Such variants may be generated as described above. 

This invention contemplates use of a DNA 
sequence encoding a desired enkephalin in its "mature" 
form. In addition, this invention contemplates using a 
DNA sequence encoding the entire pro-enkephalin A 

20 precursor, or the entire pro-enkephalin B precursor. 
Further, we also contemplate using DNA encoding a 
fusion, or fragment of these sequences, that upon 
expression yields one or more enkephalin-like molecules 
that have analgesic properties. 

25 We prefer use of a DNA sequence encoding the 

entire pro-enkephalin A precursor molecule. The DNA 
and amino acid sequence of pro-enkephalin A are well 
known. Fnlkesson . supra. This embodiment takes 
advantage of the host cell's cleavage enzymes, such as 

30 prohormone convertase, to generate a suite of 

enkephalins, some or all of which may have analgesic 
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properties. The preferred enkephalin encoded by this 
construct is Met-enkephalin. 

There are three naturally occurring 
catecholamines which function as neurotransmitters in 
5 the central nervous system; norepinephrine ("NE"), 

epinephrine ("E"), and dopamine, NE is associated with 
postganglionic sympathetic nerve endings. NE exerts 
its effects locally in the immediate vicinity of its 
release. 

10 Catecholamines are synthesized from the- amino 

acid tyrosine, which is sequentially hydroxylated to 

form dihydroxyphenylalanine (dopa) , decarboxylated to 

form dopamine, and then hydroxylated on the beta 

position of the side chain by dopamine beta hydroxylase 
is to form NE. Harrison 1 s, subxa, pp. 380. NE is 

N-methylated to E by phenylethanolamine-N 

methyltransferase ("PNMT") . 

Hydroxylation of tyrosine by tyrosine 

hydroxylase ("TH") is the rate limiting step in NE 
20 synthesis. Regulation of dopa and NE synthesis in the 

adrenal medulla may be accomplished by changes in the 

amount and the activity of TH. 

In addition, regulation of synthesis of E 

from NE may occur by changes in the amount and the 
25 activity of phenylethanolamine-N-methyltransf erase 
("PNMT") . PNMT is inducible by glucocorticoids from 

the adrenal cortex. Ikid. 

Catecholamines are maintained in high 

concentration in adrenal medullary chromaffin tissue, 
30 mostly as E. Opioid peptides are also stored in the 

adrenal gland. 
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NE and E have similar affinities at a 2 
receptors and therefore both potentially contribute to 
analgesia. Bylund, faseb J., 6, PP. 832-39 (1992). 
The enkephalin peptides that predominantly include met- 
5 enkephalin selectively activate delta (6) opioid 
receptors. Reisine and Bell, Trends Neurosci « / 16/ 
pp. 506-10 (1993) . Activation of a 2 adrenergic and 5 
opioid receptors in the spinal cord each result in 
antinociception and are potentially synergistic. Yaksh 

10 and Malmberg, Progress in Pain Research and Management/ 
Vol. 1, Ed. Fields and Lisbeskind, IASP Press, Seattle, 
pp. 141-71 (1994) . Activation of 5 versus (p) opioid 
receptors in experimental animals results in fewer 
adverse side effects including constipation and 

is addiction liability (Lee et al., J. Pharmacol. E*P» 
Thar . . 267, pp. 883-87 (1993) . The combined delivery 
of different opioidergic and adrenergic agents may 
decrease the magnitude of tolerance that develops to a 
single agent and lead to sustained pain relief. Yaksh 

20 and Reddy, AnPsthesioL, 54, pp. 451-67 (1981). 

This invention contemplates use of a DNA 
sequence encoding catecholamine biosynthetic enzymes or 
analogs or fragments thereof to obtain catecholamines 
that have analgesic properties. The preferred 

25 catecholamines in this invention are NE and E. 

In one embodiment/ the host cell is 
transformed with the genes necessary to accomplish 
production of NE or E, as desired. The selection of 
heterologous gene sequences required depends upon the 

30 complement of catecholamine synthesizing enzymes 

normally occurring in the host cell. For example, RIN 
cells, and AtT-20 cells lack tyrosine hydroxylase 
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("TH") and dopamine beta hydroxylase ("DBH") . However, 
RIN and AtT-20 cells contain endogenous dopa 
decarboxylase ("DDC") . If the desired catecholamine is 
E, then the gene encoding PNMT is also required. The 
5 gene encoding PNMT is known. Baetge et al., Proc. 
Nat 'J ACfltit SCI., 83, pp. 5455-58 (1986). 

The gene encoding TH is known. See, e.g., 
United States patent 5,300,436, incorporated herein by 
reference. Modified TH variants are also known. 

10 United States patent 5,300,436. In addition, truncated 
versions of TH that contain the necessary C-terminal 
catalytic domains are also known. See, e.g., Daubner 
et al., PrntPin Science, 2, pp. 1452-60 (1993). 

AtT-20 cells have been transformed with wild 

15 type TH, as well as various TH muteins. See, e.g., Wu 
et al., J. Biol- Chem., 267, pp. 25754-758 (1992). 

The sequence of the DBH gene is also well 
known. See, e.g., Lamoroux et al., EMBO J . , 6, 
pp. 3931-37 (1987) . 

20 It will be appreciated that in addition to 

the preferred DNA sequences described herein, there 
will be many degenerate DNA sequences that code for the 
desired analgesics. 

Secondary compounds with potential analgesic 

25 action may also be produced by the cells of this 
invention. Such compounds include galanin and 
somatostatin. In addition, neuropeptide Y, neurotensin 
and cholecystokinin may be produced by the transformed 
cells of this invention. The cells of this invention 

30 may normally produce some or all of these compounds, or 
may be genetically engineered to do so using standard 
techniques . 
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Standard methods may be used to obtain or 
synthesize the genes encoding the analgesic compounds 
to be produced by the cells of this invention. 

For example, the complete amino acid sequence 
5 of the desired compound may be used to construct a 
back-translated gene. A DNA oligomer containing a 
nucleotide sequence coding for the desired analgesic 
compound may be synthesized. For example, several 
small oligonucleotides coding for portions of each 

10 desired polypeptide may be synthesized and then 

ligated. The individual oligonucleotides typically 
contain 5 f or 3' overhangs for assembly. 

The DNA sequence encoding each desired 
analgesic compound/ may or may not also include DNA 

is sequences that encode a signal sequence. Such signal 
sequence, if present, should be one recognized by the 
cell chosen for expression of the analgesic compound. 
It may be prokaryotic, eukaryotic or a combination of 
the two. It may also be the signal sequence of the 

20 native compound. It generally is preferred that a 

signal sequence be encoded and most preferably that the 
native signal sequence be used. 

Once assembled, the DNA sequences encoding 
the desired compounds will be inserted into one or more 

25 expression vectors and operatively linked to expression 
control sequences appropriate for expression in the 
desired transformed cell. 

Proper assembly may be confirmed by 
nucleotide sequencing, restriction mapping, and 

30 expression of a biologically active polypeptide in the 
transformed cell. As is well known in the art, in 
order to obtain high expression levels of a transfected 
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gene in a host, the gene must be operatively linked to 
transcriptional and translational expression control 
sequences that are functional in the chosen expression 
cell. 

5 The choice of expression control sequence and 

expression vector will depend upon the choice of cell. 
A wide variety of expression host/vector combinations 
may be employed. Useful expression vectors for 
eukaryotic hosts, include, for example, vectors 

10 comprising expression control sequences from SV40, 

bovine papilloma virus, adenovirus and cytomegalovirus. 

We prefer pcDNA3, pCEP4, pZeoSV (InVitrogen, 

San Diego) and pNUT. 

Any of a wide variety of expression control 

15 sequences may be used in these vectors. Such useful 
expression control sequences include the expression 
control sequences associated with structural genes of 
the foregoing expression vectors. Examples of useful 
expression control sequences include, for example, the 

20 early and late promoters of SV40 or adenovirus, the 
promoter for 3-phosphoglycerate kinase or other 
glycolytic enzymes, the promoters of acid phosphatase, 
e.g., Pho5, the promoters of the yeast a-mating system 
and other sequences known to control the expression of 

25 genes of eukaryotic cells or their viruses, and various 
combinations thereof. 

It should of course be understood that not 
all vectors and expression control sequences will 
function equally well to express the DNA sequences 

30 described herein. Neither will all cells function 

equally well with the same expression system. However, 
one of skill in the art may make a selection among 
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these vectors, expression control sequences and cells 
without undue experimentation. For example/ in 
selecting a vector, the host cell must be considered 
because the vector must replicate in it. The vector's 
5 copy number, the ability to control that copy number, 
and the expression of any other proteins encoded by the 
vector, such as antibiotic markers, should also be 
considered. 

In selecting an expression control sequence, 

10 a variety of factors should also be considered. These 
include, for example, the relative strength of the 
sequence, its controllability, and its compatibility 
with the actual DNA sequence encoding the desired 
analgesic compounds, particularly as regards potential 

is secondary structures. Host cells should be selected by 
consideration of their compatibility with the chosen 
vector, the toxicity of the product coded for by the 
DNA sequences, their secretion characteristics, their 
ability to fold the polypeptides correctly, and their 

20 culture requirements. If the host cell is to be 
encapsulated, cell viability when encapsulated and 
implanted in a recipient should also be considered. 

Within these parameters, one of skill in the 
art may select various vector/expression control 

25 sequence/host combinations that will express the 
desired DNA sequences in culture. 

In one embodiment, cells (e.g., RIN cells) 
are sequentially transformed with 4 separate expression 
vectors containing the POMC gene, the pro-enkephalin A 
30 gene, the TH gene and the DBH gene. In such a 

transformed host cell, amplification of copy number of 
the heterologous genes is more difficult to achieve. 
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Thus use of fewer expression vectors is preferred. Most 
preferably, a single expression vector, containing all 
4 heterologous genes , is used. 

In a particular embodiment RIN cells are 
5 sequentially transformed with 3 expression vectors. 

The first vector contains the POMC gene operably linked 
to the CMV promoter. Preferably a truncated version of 
the POMC gene is used, having the ACTH coding region 
deleted. The second vector contains the pro-enkephalin 

10 A gene operably linked to the CMV promoter. Preferably 
• the proA construct contains the Kozak sequence * 
immediately upstream of the start codon. The third 
vector contains both the TH gene (preferably truncated 
and having the Kozak consensus sequence immediately 

15 upstream of the start codon) and the DBH gene. In this 
embodiment, the TH gene is operably linked to the CMV 
promoter. The DBH gene is operably linked to an 
internal ribosome entry site promoter sequence. RIN 
cells are then transformed sequentially with each 

20 expression vector according to known protocols. 

In another embodiment, a single expression 
vector containing the pro-enkephalin A gene, the POMC 
gene, the TH gene, and the DBH gene is constructed. 
Preferably, the ACTH region of the POMC gene is 

25 deleted. Preferably the TH gene is truncated. 

Multiple gene expression from a single 
transcript is preferred over expression from multiple 
transcription units. One approach for achieving 
expression of multiple genes from a single eukaryotic 

30 transcript takes advantage of sequences in picorna 
viral mRNAs known as internal ribosome entry sites 
("IRES") . These sites function to facilitate protein 
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translation from sequences located downstream from the 
first AUG of the mRNA. 

Macejak and Sarnow reported that the 5' 
untranslated sequence of the immunoglobulin heavy chain 
5 binding protein (BiP, also known as CRP 78, the 

glucose-regulated protein of molecular weight 78,000} 
mRNA can directly confer internal ribosome binding to 
an mRNA in mammalian cells, in a 5 f -cap independent 
manner, indicating that translation initiation by an 
10 internal ribosome binding mechanism is used by this 
cellular mRNA. EatUEfi 353, pp. 90-94 (1991), 

WO 94/24870 refers to use of more than two 
IRES for translation initiation from a single 
transcript, as well as to use of multiple copies of the 
is same IRES in a single construct. 

This invention also contemplates use of a 
"suicide" gene in the transformed cells. Most 
preferably, the cell carries the TK (thymidine kinase) 
gene as a safety measure, permitting the host cell to 
20 be killed in vivo by treatment with gancyclovir. 

Use of a "suicide" gene is known in the art. 
See, e.g., An.derson, published PCT application 
WO 93/10218; Hamre, published PCT application 
WO 93/02556. The recipient's own immune system 
25 provides a first level of protection from adverse 

reactions to the implanted cells. If encapsulated, the 
polymer capsule itself may be immuno-isolatory . The 
presence of the TK gene (or other suicide gene) in the 
expression construct adds an additional level of safety 
30 to the recipient of the implanted cells. 

Preferred vectors for use in this invention 
include those that allow the DNA encoding the analgesic 
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compounds to be amplified in copy number. Such 

* 

amplifiable vectors are well known in the art. They 
include, for example, vectors able to be amplified by 
DHFR amplification (see, e.g., Kaufman, United States 
5 Patent 4,470,461, Kaufman and Sharp, "Construction Of A 
Modular Dihydrafolate Reductase cDNA Gene: Analysis Of 
Signals Utilized For Efficient Expression", MflJ - Cell. 
Biol. . 2, pp. 1304-19 (1982)) or glutamine synthetase 
("GS") amplification (see, e.g., United States patent 

10 5,122,464 and European published application 338,841). 
Such amplification can be used to increase output of 
the desired analgesic compounds. 

Other techniques for increasing the output of 
the desired analgesic compounds are contemplated. For 

is example, subcloning existing polyclonal cell lines is 
contemplated. Cells are cloned by limiting dilution to 
a single cell in each well. Cell clones are cultures, 
and the clones are tested to select the clone with the 
highest output of analgesic substances. 

20 Another technique for increasing the output 

of the desired analgesic compounds involves cloning 
altered forms of biosynthetic enzymes with higher 
activity than the wild type form (i.e., the truncated 
TH 1-155) . Some truncated forms of TH have 4-6 times 

25 increased activity over the wild type form of TH. See, 
e.g., Daubner et al., "Expression and characterization 
of catalytic and regulatory domains of rat tyrosine 
hydroxylase" Protein Science , 2, pp. 1452-60 (1993). 

In addition, use of tyrosine-f ree media to 

30 select to increase tetrahydrobiopterin cofactor levels 
may potentially increase tyrosine hydroxylase activity. 
See, e.g., Horellou et al., "Retroviral transfer of a 
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human tyrosine hydroxylase cDNA in various cell lines; 
regulated release of dopamine in mouse anterior 
pituitary AtT-20 cells", Proc. Natl. Acad. Sci. USA, 
86, pp. 7233-37 (1989) . 
5 Preferably, the output of B-endorphin ranges 

between 1 and 10,000 pg/10* cells/hr. Preferably, the 
output of met-enkephalin ranges between 1 and 10,000 
pg/10 6 cells/hr. Preferably, the output of 
catecholamines ranges between 1 and 1,000 pmoles/10 6 
10 cells/hr. 

The cells- of this invention may be implanted 
into a mammal, including a human, for the treatment, of 
pain. If implanted unencapsulated, any suitable 
implantation protocol may be used, including those 

15 outlined by Sagen et al., United States patent 
4,753,635, incorporated herein by reference. 

It may be desirable to encapsulate the 
genetically modified cells of this invention before 
implantation. Such encapsulated cells form a 

20 bioartificial organ ("BAO") . BAOs may be designed for 
implantation in a recipient or can be made to function 
extra-corporeally. The BAOs useful in this invention 
typically have at least one semipermeable outer surface 
membrane or jacket surrounding a cell-containing core. 

25 The jacket permits the diffusion of nutrients, 
biologically active molecules and other selected 
products through the BAO. The BAO is biocompatible. 

In some cases, the membrane may serve to also 
immunoisolate the cells by blocking the cellular and 

30 molecular effectors of immunological rejection. The 
use of immunoisolatory membranes allows for the 
implantation of alio and xenogeneic cells into an 
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individual without the use of immunosuppression. If 
biologically active molecules are released from the 
isolated cells, they pass through the surrounding 
semipermeable membrane into the recipient's body. If 
5 metabolic functions are provided by the isolated cells, 
the substances to be metabolized enter the BAO from the 
recipient's body through the membrane to be acted on by 
the cells. 

A variety of types of membranes have been 

10 used in the construction of BAOs. Generally, the .. 
membranes used in BAOs are either microporous o£ 
ultrafiltration grade membranes. A variety of membrane 
materials have been suggested for use in BAOs, 
including PAN/PVC, polyurethanes, polysufones, 

15 polyvinylidienes, and polystyrenes. Typical membrane 
geometries include flat sheets, which may be fabricated 
into "sandwich" type constructions, having a layer of 
living cells positioned between two essentially planar 
membranes with seals formed around the perimeter of the 

20 device. Alternatively, hollow fiber devices may be 
used, where the living cells are located in the 
interior of a tubular membrane. Hollow fiber BAOs may 
be formed step-wise by loading living cells in the 
lumen of the hollow fiber and providing seals on the 

25 ends of the fiber. Hollow fiber BAOs may also be 

formed by a coextrusion process, where living cells are 
coextruded with a polymeric solution which forms a 
membrane around the cells. 

BAOs have been described, for example, in 

30 United States patent Nos. 4,892,538, 5,106,627, 
5,156,844, 5,158,881, and 5,182,111, and PCT 
Application Nos. PCT/US/94/07015, WO 92/19195, WO 
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93/03901, and WO 91/00119, all of which are 
incorporated herein by reference. 

BAOs may contain other components that 
promote long term survival of the encapsulated cells. 
5 For example, WO 92/19195 refers to implantable 
immunoisolatory biocompatible vehicles having a 
hydrogel matrix for enhancing cell viability. 

The encapsulating membrane of the BAO may be 
made of a material which is the same as that of the 

10 core, or it may be made of a different material. In 
either case, a surrounding or peripheral membrane 
region of the BAO which is permselective and 
biocompatible will be formed. The membrane may also be 
constructed to be immunoisolatory, if desired. The 

15 core contains isolated cells, either suspended in a 
liquid medium or immobilized within a hydrogel matrix. 

The choice of materials used to construct the 
BAO is determined by a number of factors and is 
described in detail in Dionne WO 92/19195. Briefly, 

20 various polymers and polymer blends can be used to 
manufacture the capsule jacket. Polymeric membranes 
forming the BAO and the growth surfaces therein may 
include polyacrylates (including acrylic copolymers), 
polyvinylidenes, polyvinyl chloride copolymers, 

25 polyurethanes, polystyrenes, polyamides, cellulose 
acetates, cellulose nitrates, polysulf ones, 
polyphosphazenes, polyacrylonitriles, 
poly (acrylonitrile/covinyl chloride), as well as 
derivatives, copolymers and mixtures thereof. 

30 BAOs may be formed by any suitable method 

known in the art. One such method involves coextrusion 
of a polymeric casting solution and a coagulant which 
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can include biological tissue fragments, organelles, or 
suspensions of cells and/or other therapeutic agents, 
as described in Dionne, WO 92/19195 and United States 
Patents 5,158,881, 5,283,187 and 5,284,761, 
5 incorporated herein by reference. 

The jacket may have a single skin or a double 
skin. A single-skinned hollow fiber may be produced by 
quenching only one of the surfaces of the polymer 
solution as it is co-extruded. A double-skinned hollow 

10 fiber may be produced by quenching both surfaces of the 
polymer solution as it is co-extruded. 

Numerous capsule configurations, such as 
cylindrical, disk-shaped or spherical are possible. 

The jacket of the BAO will have a pore size 

15 that determines the nominal molecular weight cut off 
(nMWCO) of the permselective membrane. Molecules 
larger than the nMWCO are physically impeded from 
traversing the membrane. Nominal molecular weight cut 
off is defined as 90% rejection under convective 

20 conditions. In situations where it is desirable that 
the BAO is immunoisolatory, the membrane pore size is 
chosen to permit the particular factors being produced 
by the cells to diffuse out of the vehicle, but to 
exclude the entry of host immune response factors into 

25 the BAO. Typically the nMWCO ranges between 50 and 200 
kD, preferably between 90 and 150 kD. The most 
suitable membrane composition will also minimize 
reactivity between host immune effector molecules known 
to be present at the selected implantation site, and 

30 the BAO's outer membrane components. 

The core of the BAO is constructed to provide 
a suitable local environment for the particular cells 
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isolated therein. The core can comprise a liquid 
medium sufficient to maintain cell growth. Liquid 
cores are particularly suitable for maintaining 
transformed cell lines like PC12 cells. Alternatively, 
5 the core can comprise a gel matrix. The gel matrix may 
be composed of hydrogel (alginate, "Vitrogen™", etc.) 
or extracellular matrix components. See, e.g., Dionne 

WO 92/19195. 

Compositions that form hydrogels fall into 

10 three general classes. The first class carries a net 
negative charge (e.g., alginate). The second class 
carries a net positive charge (e.g., collagen and 
laminin) . Examples of commercially available 
extracellular matrix components include Matrigel™ and 

15 Vitrogen™. The third class is net neutral in charge 
(e.g., highly crosslinfeed polyethylene oxide, or 
polyvinylalcohol) . 

Any suitable method of sealing the BAO may be 
used, including the employment of polymer adhesives 

20 and/or crimping, knotting and heat sealing. These 

sealing techniques are known in the art. In addition, 
any suitable "dry" sealing method can also be used. In 
such methods, a substantially non-porous fitting is 
provided through which the cell-containing solution is 

25 introduced. Subsequent to filling, the BAO is sealed. 
Such a .method is described in copending United States 
application Serial No. 08/082,407, herein incorporated 

by reference. 

One or more in vitro assays are preferably 
30 used to establish functionality of the BAO prior to 
implantation in vivo . Assays or diagnostic tests well 
known in the art can be used for these purposes. See, 
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e.g., Methods In Enzvmolocrv, Abelson [Ed], Academic 
Press, 1993. For example, an EL ISA (enzyme-linked 
immunosorbent assay) , chromatographic or enzymatic 
assay, or bioassay specific for the secreted product 
5 can be used. If desired, secretory function of an 
implant can be monitored over time by collecting 
appropriate samples (e.g., serum) from the recipient 
and assaying them. If the recipient is a primate, 
microdialysis may be used. 

io The number of BAOs and BAO size should be 

sufficient to produce a therapeutic effect upon 
implantation is determined by the amount of biological 
activity required for the particular application. In 
the case of secretory cells releasing therapeutic 

15 substances, standard dosage considerations and criteria 
known to the art are used to determine the amount of 
secretory substance required. Factors to be considered 
are discussed in Dionne, WO 92/19195. 

Implantation of the BAO is performed under 

20 sterile conditions. Generally, the BAO is implanted at 
a site in the host which will allow appropriate 
delivery of the secreted product or function to the 
host and of nutrients to the encapsulated cells or 
tissue, and will also allow access to the BAO for 

25 retrieval and/or replacement. The preferred host is a 
primate, most preferably a human. 

A number of different implantation sites are 
contemplated. These implantation sites include the 
central nervous system, including the brain, spinal 

30 cord, and aqueous and vitreous humors of the eye. 

Preferred sites in the brain include the striatum, the 
cerebral cortex, subthalamic nuclei and nucleus Basalis 
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of Meynert. Other preferred sites are the 
cerebrospinal fluid, most preferably the subarachnoid 
space and the lateral ventricles. This invention also 
contemplates implantation into the kidney subcapsular 
5 site, and intraperitoneal and subcutaneous sites, or 
any other therapeutically beneficial site* 

In order that this invention may be better 
understood, the following examples are set forth. 
These examples are for purposes of illustration only, 
10 and are not to be construed as limiting the scope of 1 
this invention in any manner. 

Examples 

Constructio n of Polvcistronic Expression Vectors 
Construction of IgSP-POMC Fusion 

15 The Smal-Sall fragment containing the human 

POMC exon 3 was subcloned into pBS cloning vector 
(Stratagene) . See Takahashi , sypra; Cochet/ SUPra - 
The resulting plasmid was named as pBS-hPOMC-027 . See 

Fig. 1. 

20 A PCR fragment was generated using two 

oligonucleotide primers, termed oCNTF-003 (SEQ ID 
NO: 1) and oIgSP-018, (SEQ ID NO: 2) and the pNUT 
plasmid containing the human CNTF gene. See Baetge 

et al., Prnr. Natl. Arad. Sci. USA, 83, pp. 5454-58 

25 (1986) . Both primers oCNTF-003 and oIgSP-018, contain 
synthetic BamHI and Smal restriction sites, 
respectively, at the 5' ends. 

The 196 base pair (bp) PCR fragment was 
digested with restriction endonucleases BamHI and the 

30 Smal-isoschizomer Xmal, and electrophoresed through an 
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1% SeaPlaque agarose. The 193 bp Hindlll/Xmal DNA 
fragment was excised and purified using the FMC 
SpinBind DNA purification kit (FMC BioProducts, 

Rockland, ME) • 
5 pBS-hPOMc-027 was also digested with BamHI 

and Xmal and purified from 1% SeaPlaque agarose using 
the FMC SpinBind DNA purification kit (FMC BioProducts, 
Rockland, ME) . The ligation mixture was transformed 
into E. coli DH5a (Gibco BRL, Gaithersburg, MD) . 

10 Positive sub-clones were initially identified 

by the cracking gel procedure (Promega Protocols and 
Applications Guide, 1991) . Minilysate DNA was then 
prepared using the FMC SpinBind DNA purification kit 
(FMC BioProducts, Rockland, ME) and subject to BamHI 

is and Smal restriction digestions. The positive sub- 
clone was named as pBS-IgSP-hPOMC-028 ♦ See Fig, 1. 
The nucleotide sequence of the fusion junction in pBS- 
IgSP-hPOMC-028 was determined by the dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 

20 Cleveland) . The sequence of the IgSP-hPOMC fusion is 
shown in SEQ ID NO: 3. 

Construction of IgSP-POMC Expression Vectors 

The IgSP-hPOMC DNA fragment in pBS-IgSP- 
hPOMC-028 was subcloned into pcDNA3 (Invitrogen Corp., 
25 San Diego, CA) and pCEP4 (Invitrogen Corp., San Diego, 
CA) in sense and anti-sense orientations. 

The Not I -Sal I IgSP-hPOMC fragment from pBS- 
IgSP-hPOMC-028 was ligated with the Notl-Xhol digested 
pCEP4 resulting in the sense orientation clone named as 
30 pCEP4-hPOMC-030. Fig. 2. The BamHI-Sall IgSP-hPOMC 
fragment from pBS-IgSP-hPOMC-028 was ligated with the 
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BamHI-XhoI digested pCEP4 resulting in the anti-sense 
orientation clone named as pCEP4-hPOMC-031 . Fig. 2. 
The insert orientation in pCEP4-hPOMC-030 and -031 was 
confirmed by BaraHI, NotI, Sail and Notl/Sall 
5 restriction digestions as well as by dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 
Cleveland) . 

The BamHI-Sall IgSP-hPOMC fragment from pBS- 
IgSP-hPOMC-028 was ligated with the BamHI-XhoI digested 

10 pcDNA3 resulting in the sense orientation clone named 
.as pcDNA3-hPOMC-034. Fig. 2. The Notl-Hindlll IgSP- 
hPOMC fragment from pBS-IgSP-hPOMC-028 was ligated with 
the Notl-Hindlll digested pcDNA3 resulting in the anti- 
sense orientation clone named as pcDNA3-hPOMC-035. 

15 Fig. 2. Restriction digestion using Smal, BamHI, 

EcoRI, and BamHI/EcoRI was used to confirm the insert 
orientation in pcDNA3-hPOMC-034, whereas Hindi II/ NotI 
and Sail were used for pcDNA3-hPOMC-035. 

Construction of ACTH Deleted IgSP-POMC 

20 The ACTH coding region in the POMC gene in 

pBS-IgSP-hPOMC-028 was deleted. pBS-IgSP-hPOMC-028 was 
first digested with Xmai restriction enzyme and treated 
with pfu DNA polymerase (Promega, Madison, WI) . The 
Xmal-pfu DNA polymerase treated pBS-IgSP-hPOMC-028 was 

25 then digested with StuI restriction enzyme and purified 
from 1% SeaPlaque agarose using the FMC SpinBind DNA 
purification kit (FMC BioProducts, Rockland, ME). The 
self-ligation mixture was transformed into E. coli DH5cc 
(Gibco BRL, Gaithersburg, MD) . Positive sub-clones 

30 were identified by BamHI/Hindlll restriction digestion 
and named as pBS-IgSP-hPOMCAACTH-029 . See Fig. 1. The 
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nucleotide sequence of the ACTH deletion region in pBS- 
IgSP-hPOMC-AACTH-029 was confirmed by the 
dideoxynucleotide sequence determination. The sequence 
of the IgSP-hPOMC-AACTH fusion is shown in SEQ ID 
5 NO: 4 • 

Construction of ACTH Deleted IgSP-POMC 
Expression Vectors 

The IgSP-hPOMC-AACTH DNA fragment in pBS- 
IgSP-hPOMC-AACTH-029 was subcloned into pdDNA3 

10 (Invitrogen Corp., San Diego, CA) and pCEP4 (Invitrogen 
Corp., San Diego, CA) in sense and anti-sense 
orientations. The Notl-Sall IgSP-hPOMC-AACTH fragment 
from pBS-IgSP-hPOMC-AACTH-029 was ligated with the 
Notl-Xhol digested pCEP4 resulting in the sense 

15 orientation clone named as pCEP4-hPOMC-AACTH-032 

(Fig. 3). The BamHI-Sall IgSP-hPOMC-AACTH fragment 
from pBS-IgSP-hPOMC-AACTH-029 was ligated with the 
BamHI-XhoI digested pCEP4 resulting in the anti-sense 
orientation clone named as pCEP4-hPOMC-AACTH-033 

20 (Fig. 3) . The insert orientation in pCEP4-hPOMC-AACTH- 
032 and -033 was confirmed by BamHI and EcoRI 
restriction digestions as well as by dideoxynucleotide 
sequence determination using the Sequenase kit (USBC # 
Cleveland) . 

25 The BamHI-Sall IgSP-hPOMC-AACTH fragment from 

pBS-IgSP-hPOMC-AACTH-029 was ligated with the BamHI- 
Xhol digested pcDNA3 resulting in the sense orientation 
clone named as pcDNA3-hPOMAACTH-036 (Fig. 3). The 
Notl-Hindlll IgSP-hPOMC-AACTH fragment from pBS-IgSP- 

30 hPOMC-AACTH-029 was ligated with the Notl-Hindlll 
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digested pcDNA3 resulting in the anti-sense orientation 
clone named as pcDNA3-hPOMC-AACTH-037 (Fig. 3). 

Restriction digestion using PvuII and EcoRI 
was used to confirm the insert orientation in pcDNA3- 
5 hPOMC-AACTH-036, whereas Sail and EcoRI were used for 
pcDNA3-hPOMOAACTH-037 . 

Cloning of Full Length and Truncated TH cDNA 

Total RNA from PC12 cells was prepared using 
the guanidinium thiocyanate-based TRI reagent 

10 (Molecular Research Center, Inc., Cincinnati, OH). 
Five hundred ng of PC12 total RNA was reverse 
transcribed at 42°C for 30 minutes in a 20ul reaction 
volume containing 10 mM Tris.HCl (pH 8.3), 50 mM KC1, 
4 mM of each dNTP, 5 mM MgCl 2 / 1.25 pM oligo (dT) 15- 

15 mer, 1.25 yM random hexamers, 31 units of RNase Guard 
RNase Inhibitor (Pharmacia, Sweden) and 200 units of 
Superscript II reverse transcriptase (Gibco BRL, 
Gaithersburg, MD) . Two micro-liters of the above 
reverse transcribed cDNA was added to a 25 yl PCR 

20 reaction mixture containing 10 mM Tris.HCl (pH 8.3), 
50 mM KC1, 800 of each nM dNTP, 2 mM MgC12, 400 nM of 
primers #1 and #2, and 2.5 units of The Emu S aquaticus 
(Taq) DNA polymerase (Boehringer Mannheim, Germany) . 

To generate the full length TH cDNA, 

25 oligonucleotide primers orTH-052 (SEQ ID NO: 5) and 
orTH-053 (SEQ ID NO: 6) were used. For the truncated 
TH, primers orTH-054 (SEQ ID NO: 7) and orTH-053 (SEQ 
ID NO: 6) were used instead. These oligonucleotides 
were constructed based on published TH sequence 

30 information in Grima et al., Nature/ 326, pp. 707-11 
(1987); US patent 5,300,436, and Daubner. supra- 
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Primers orTH-052 (SEQ ID NO: 5) and orTH-054 
(SEQ ID NO: 7) have synthetic Hindi I I restriction site, 
at the 5' end where orTH-053 has BamHI at the 5' end. 
The PCR reaction mixtures were subject to 30 
5 amplification cycles consisted of: denaturation, 94°C 
30 seconds (first cycle 2 minutes) ; annealing, 50°C 1 
minute; and extension, 72°C 3.5 minutes (last cycle 5 
minutes). The 1537 bp full. length and 1087 bp 
truncated rat TH PCR fragments were digested with 

10 restriction endonucleases BamHI and Hindi I I and 

resolved on an 1% SeaPlaque agarose gel. The 1531-bp 
and 1081-bp Hindlll/BamHI DNA fragments were excised 
and purified using the FMC SpinBind DNA purification 
kit (FMC BioProducts, Rockland, ME) . 

15 pcDNA3 expression vector was also digested 

with BamHI and Hindlll and purified from 1% SeaPlaque 
agarose using the FMC SpinBind DNA purification kit 
(FMC BioProducts, Rockland, ME) . The ligation mixture 
was transformed into E.coli DHScc (Gibco BRL, 

20 Gaithersburg, MD) . 

Cracking gel procedure (Promega Protocols and 
Applications Guide, 1991) was used to screen out the 
positive sub-clones. The identity of the correct 
clones was further verified by BamHI/Hindlll double 

25 digestion. 

The positive sub-clones for the full-length 
and truncated rat TH in pcDNA3 were named as pcDNA3- 
rTH-044 (Fig. 4) and pcDNA3-rTHA-045 (Fig. 4), 
respectively. The nucleotide sequence of both full- 
30 length and truncated rat TH PCR clones was determined 
by the dideoxynucleotide sequence determination using 
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the Sequenase kit (USBC, Cleveland) . The sequence of 
the rTHA construct is shown in SEQ ID NO: 16. 

To optimize the translation efficiency of the 
truncated rat TH, oligonucleotide primer orTH-078 (SEQ 
5 ID NO: 8) was designed so that the consensus Kozak 

sequence is immediate up stream to the start codon ATG. 
pcDNA3-rTHA-45 was used as the template in a 50 pi PCR 
reaction mixture with reagent composition identical to 
the one described above with the exception that the 

10 oligonucleotide primers were replaced with orTH-078 
(SEQ ID NO: 8) and orTH-053 (SEQ ID NO: 6) . The 1097 
bp PCR product was cloned into pcDNA3 in the same 
manner as described above. The resulting sub-clone was 
named pcDNA3-rTHAKS-75 (Fig 4) . The sequence of the 

15 rTHAKS construct is shown in SEQ ID NO: 17. 

Construction of rTH-IRES-bDBH Fusion Gene 

Recombinant PCR methodology was used to 
generate the rTH-IRES-bDBH fusion gene. 
Oligonucleotides oIRES-057 (SEQ ID NO: 9) and obDBH-065 

20 (SEQ ID NO: 10) are specific for IRES and bDBH gene 
sequences, respectively, and contain synthetic BamHI 
and NotI restriction sites at the 5' end, respectively. 
Oligonucleotides oIRES-bDBH-064 (SEQ ID NO: 11) and 
oIRES-bDBH-066 (SEQ ID NO: 12) are complementary to 

25 each other. Furthermore, oligonucleotide primer oIRES- 
bDBH-064 (SEQ ID NO: 11) has its 5' 16 nucleotides 
identical to the IRES sequence and its 3 f 18 
nucleotides identical to the bDBH sequence; and vice 
versa for oIRES-bDBH-066 (SEQ ID NO: 12) . 

30 Two first PCR reactions were carried out 

using oligonucleotide pairs oIRES-057/oIRES-bDBH-066 
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and oIRES-bDBH-064/obDBH-065 on templates pCTI-001 
(with an insert containing the IRES sequence shown in 
SEQ ID NO: 30) and pBS-bDBH-006 (containing the bovine 
DBH gene cloned from bovine adrenal chromaffin cells, 
5 Lamoroux et al., EMBO J. , 6, pp. 3931-37 (1987)) 

plasmids, respectively. One "hundred ng of template DNA 
was added to a 50 ]il PCR reaction mixture containing 
10 mM Tris.HCl (pH 8.3) f 50 mM KC1, 800 of each nM 
dNTP, 2 mM MgC12, 400 nM of primers #1 and #2, and 2.5 

10 units of Thermus aquatiCUS (Taq) DNA polymerase 
(Boehringer Mannheim, German) . 

The PCR reaction mixtures were subject to 30 
amplification cycles consisted of: denaturation, 94 °C 
for 30 seconds (first cycle 2 minutes); annealing, 

is 50 °C 1 minute; and extension, 72 °C 30 seconds (last 
cycle 5 minutes) . The PCR products were resolved on 1% 
TrivieGel 500 (TrivieGen) . Two agarose plugs 
containing each one of the first PCR products were 
transfer to a tube containing 50 \il of PCR reaction 

20 mixtures identical to the one described above with the 
exception that the oligonucleotides oIRES-057 and 
obDBH-065 were used. 

The second PCR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 °C 

25 for 30 seconds (first cycle 2 minutes); annealing, 
60 °C 30 seconds (second to fourth cycles 37 °C 2 
minutes); and extension, 72 °C 30 seconds (last cycle 2 
minutes) . The 2407 bp IRES-bDBH fusion PCR product and 
the cloning vector pcDNA3-rTHA-45 were digested with 

30 BamHI and NotI restriction enzymes and subsequently 
purified from 1% SeaPlaque agarose gel using the FMC 
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SpinBind DNA purification kit (FMC BioProducts, 

Rockland/ ME) . 

The ligation of IRES-bDBH/BamHI/Notl and 
pcDNA3-rTHA-045/BamHI/NotI would generate a rTHA-IRES- 
5 bDBH expression vector named as pcDNA3-rTHA-IRES-bDBH- 
066 (Fig, 5) whereas that of IRES-bDBH/BamHI/Notl and 
pcDNA3-rTHAKS-075/BamHI/NotI would generate a rTHAKS- 
IRES-bDBH expression vector, named as pcDNA3-rTHAKS- 
IRES-bDBH-076 (Fig. 5), where the start codon ATG in 
10 rTHA is preceded with a consensus Kozak sequence. The 
sequence of the rTHA- IRES -bDBH construct is shown in 
SEQ ID NO: 18. The sequence of the rTHAKS- IRES-bDBH 

♦ 

construct is shown in SEQ ID NO: 19. The ligation 
mixture was transformed into DH5a (Gibco BRL, 

15 Gaithersburg, MD) . The positive clones were identified 
by the cracking gel procedure (Promega, Madison, WI) 
and restriction digestions using Hindlll, BamHI, 
Hindlll/BamHI, Smal and NotI . 

The 4114 bp Nrul-Xhol fragment containing the 

20 CMV promoter-rTHAKS- IRES-bDBH was excised out of 

p cDNA3 - r TH AKS - 1 RE S - bDBH- 076 and subcloned into pZeoSV 
cloning vector (Invitrogen Corp., San Diego, CA) 
digested with Seal and Xhol in the multiple cloning 
site. The resulting expression vector was named as 

25 pZeo-Pcmv-rTHAKS-IRES-bDBH-088 (Fig. 6) . 

Construction of IgSP-hPOMC ACTH- 
rTHD-IRES-bDBH Fusion Gene 

The 4100 bp NruI-NotI fragment containing the 
CMV promoter, rTHD-IRES-bDBH fusion gene, and BGH 
30 polyadenylation sequence was excised out of pcDNA3- 
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r THA- I RES -bDBH- 066 and subcloned into the pBS 

(Stratagene, La Jolla, CA) cloning vector. 

The resulting plasmid pBS-Pcmv-rTHA-IRES- 

bDBH-067 (Fig. 7) was used as the intermediary 
5 construct to which the recombinant PCR IgSP-hPOMCDACTH- 

IRES fragment would be inserted. 

Oligonucleotide oIgSP-068 (SEQ ID NO: 13), 

containing a synthetic EcoRV restriction site, is 

specific for the IgSP sequence. 
10 Oligonucleotide primer orTHA-073 (SEQ ID.. 

NO: 14) is specific for the rTHA sequence and contains 

an endogenous Smal restriction site. 

Oligonucleotide primers ohPOMC-IRES-069 (SEQ 

ID NO: 15) and ohPOMC-IRES-070 (SEQ ID NO: 20) are 
15 complementary to each other. Furthermore, 

oligonucleotide primer ohPOMC-IRES-069 has its 5', 18 

nucleotides identical to the hPOMC sequence and its 3' 

12 nucleotides identical to the IRES sequence; and vice 

versa for ohPOMC-IRES-070 . 
20 Oligonucleotide primers oIRES-rTHA-071 (SEQ 

ID NO: 21) and oRIRES-rTHA-072 (SEQ ID NO: 22) are 

complementary to each other. In addition, 

oligonucleotide primer oIRES-rTHA-071 has its 5' 15 

nucleotides identical to the rTHA sequence and its 3' 
25 18 nucleotide identical to the IRES sequence; and vice 

versa for oRIRES-rTHA-072 . 

Three sets of first PCR reactions were 

carried out. 

PCR reaction A: template pBS-IgSP-hPOMCDACTH-029, 
30 oligonucleotides oTgSP-068/ohPOMC-IRES-069; 
PCR reaction B: template pCTI-001, 
oligonucleotides ohPOMC-IRES-070/oIRES-rTHA-071; and 
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PCR reaction C: template pcDNA3-rTHA-045, 
oligonucleotides orIRES-rTHA-072/orTHA-073 . 

The three sets of first PCR reactions were 
carried in 50 pi PCR reaction mixture containing 100 ng 
5 of template DNA, 10 mM Tris. HC1 (pH 8.3), 50 mM KCl r 
800 of each nM dNTP, 2 mM MgC123, 400nM of primers #1 
and #2, and 2.5 units of Thermus aquatlCUS (Taq) DNA 
polymerase (Boehringer Mannheim, Germany) . 

The PCR reaction mixtures were subject to 30 
10 amplification cycles consisted of: denaturation, 94 °C 
for 30 seconds (first cycle 2 minutes); annealing, 

■ 

50 °C 1 minute; and extension, 72 °C 30 seconds (last 
cycle 5 minutes) . 

The PCR products were resolved on 15 

is TrivieGel 500 (TrivieGen) . Two agarose plugs 
containing each one of the PCR products from PCR 
reactions B and C were transferred to a tube containing 
50 pi of PCR reaction mixtures identical to the one 
described above with the exception that the 

20 oligonucleotides ohPOMC-IRES-070 and orTHA-073 were 
used. 

The second PCR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 °C 
for 30 seconds (first cycle 2 minutes) ; annealing, 
25 60 °C 30 seconds (second to fourth cycles 37 °C 2 

minutes); and extension, 72 °C 30 seconds (last cycle 2 
minutes) . 

The PCR products were treated as described 
above. Agarose plugs containing the PCR products from 
30 the second PCR reaction and the PCR reaction A were 
combined and subjected to a third PCR amplification 
using o!gSP-068/rTHA-073 . The 1203 bp IgSP-hPOMC-IRES- 
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rTHA fusion PCR product and the cloning vector pBS- 
Pcmv-rTHA- IRES -bDBH- 067 were digested with EcoRV and 
Xmal restriction enzymes and subsequently purified from 
1% SeaPlaque agarose gel using the FMC SpinBind DNA 
5 purification kit (FtAC BioProducts, Rockland, ME) . The 
ligation mixture was transformed into DH5a (Gibco BRL, 
Gaithersburg, MD) . 

The positive clones were identified by the 
cracking gel procedure (Promega, Madison, WI) and 
10 restriction digestions using EcoRI, Kpnl and Notl. The 
resulting clone was named as pBS-IgSP-hPOMCAACTH-IRES- . 
rTHA-IRES-bDBH-068 . Fig. 8. The sequence of this 
construct is shown in SEQ ID NO: 23. 

Construction of IgSP-hPOMCACTH-IRES- 
15 rTHA-IRES-bDBH Expression Vectors 

The 44 91 bp Notl fragment containing the 
IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH gene was excised 
out Of the pBS-IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH-068 
and subcloned into the pcDNA3 (Invitrogen Corp., San 
20 Diego, CA) at the Notl site in the multiple cloning 
site. Restriction digestion using Notl and Smal 
confirmed that the IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH 
gene was inserted in the sense orientation resulting in 
pcDNA3-IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH-069. See 

25 Fig. 9. 

Construction of IgSP-hPOMCAACTH-IRES-rTHA-IRES- 
bDBH-IRES-Zeocine Expression Vector 

Recombinant PCR methodology was used to 
generate the IRES-Zeocine fusion gene. 
30 Oligonucleotides oIRES-074 (SEQ ID NO: 24) and oZeocin- 
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077 (SEQ ID NO: 25) are specific for IRES and Zeocin 
gene sequences, respectively, and contain synthetic 
NotI and Xhol restriction sites at the 5' end, 
respectively. Oligonucleotides oIRES-Zeocin-075 (SEQ 
5 ID NO: 26) and oIRES-Zeocin-076 (SEQ ID NO: 27) are 
complementary to each other. Furthermore, 
oligonucleotide oIRES-Zeocin-075 has its 5 '15 
nucleotides identical to the Zeocin sequence and its 3' 
18 nucleotides identical to the IRES sequence; and vice 

10 versa for oIRES-Zeocin-076. 

Two first PCR reactions were carried out 
using oligonucleotide pairs oIRES-074/oIRES-Zeocin-075 
and oIRES-Zeocin-076/oZeocin-075 on templates pCTI-001 
and pZeoSV (Invitrogen Corp., San Diego, CA) plasmids, 

is respectively. 

One hundred ng of template DNA was added to a 
50 ul PCR reaction mixture containing lOmM Tris.HCl (pH 
8.3), 50 mM KC1, 800 of each nM dNTP, 2 mM MgCl2, 400 
nM of primers #1 and #2, and .2.5 units of Tfrermus 

20 aguaticus (Taq) DNA polymerase (Boehringer Mannheim, 
Germany) . 

The PCR reaction mixtures were subject to 30 

■ 

amplification cycles consisted of: denaturatioh, 94 °C 
for 30 seconds (first cycle 2 minutes); annealing, 

25 50 °C 1 minute; and extension, 72 D C 30 seconds (last 
cycle 5 minutes) . 

The PCR products were resolved on 1% 
TrivieGel 500 (TrivieGen) . Two agarose plugs 
containing each one of the first PCR products were 

30 transfer to a tube containing 50 ul of PCR reaction 
mixtures identical to the one described above with the 
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exception that the oligonucleotides oIRES-074 and 
oZeocin-077 were used. 

The second PCR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 °C 
5 for 30 seconds (first cycle 2 minutes); annealing, 
50 °C 30 seconds (second to fourth cycles 37 °C 2 
minutes); and extension, 72 °C 30 seconds (last cycle 2 
minutes) „ 

The 974 bp IRES-Zeocin fusion PCR product and 
10 the cloning vector pcDNA3 were digested with NotI and 
Xhol restriction enzymes and subsequently purified. from 
1% SeaPlaque agarose gel using the FMC SpinBind DNA 
purification kit (FMC BioProducts, Rockland, ME) . 

The ligation of IRES-Zeocin/Notl/XhoI and 
15 pcDNA3/NotI/XhoI would generate an intermediate cloning 
vector named as pcDNA3-IRES-Zeocin-072 . Fig. 10. 

The positive clones were identified by the 
cracking gel procedure (Promega, Madison, WI) and 
restriction digestions using Hindlll, Smal, Xhol, NotI 

20 and Notl/Xhol. 

To generate the final IgSP-hPOMCDACTH-IRES- 
rTHD-IRES-bDBH-IRES-Zeocine Expression Vector, a 4491 
bp NotI fragment containing the IgSP-hPOMCAACTH-IRES- 
rTHA-IRES-bDBH gene was excised out of the pBS-IgSP- 

25 hPOMCAACTH-IRES-rTHA-IRES-bDBH-068 (Fig. 8; SEQ ID 

NO: 23) and subcloned in to the pcDNA3-IRES-Zeocin-072 
(Fig. 10) at the NotI site in the multiple cloning 
site. 

Restriction digestion using NotI and Smal 
30 confirmed that the IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH 
gene was inserted in the sense orientation resulting in 
pcDNA3-IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH-IRES-Zeocin- 
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073. The sequence of this construct is shown in SEQ ID 
NO: 28, Fig* 11. 

Construction of ProA+KS Fusion 

A construct containing the coding region of 
5 the human pro-enkephalin A gene with the consensus 

Kozak sequence immediately upstream to the start codon 
ATG. The sequence of this construct is shown in SEQ ID 
NO: 29. 

Construction of hProA+KS Expression Vector 
io The Hindlll/BamHI fragment containing the 

■ 

hProA+KS fusion was ligated into BamHI and Hind III 
digested pcDNA3 expression vector substantially as 
described above. After screening as described above, a 
positive sub-clone was named pcDNA3-hProA+KS-091 . 
15 Fig. 12. Construction of the pBS-CMV Pro A vector is 
detailed in Mothis, J. and Lindberg, I., Endocrinology* 

131, pp. 2287-96 (1992) . 

Transformation of Cells 

RIN and AtT-20 cells were transformed as 

20 follows. 

The RINa and AtT-20 based cell lines were 
grown in DMEM (Gibco) with 10% fetal bovine serum and 
pen-strep- fungizone (Gibco) base media. The cells were 
plated out in PlOO petri dishes (750,000 cells/dish) in 
25 10 ml of base media. 18-24 hours later, the cells were 
transfected using calcium phosphate method with a kit 
made by Stratagene (San Diego, CA) . A 10 yg amount of 
the plasmid vector DNA was diluted in 450 yl of 
deionized sterile water. Then, 50 ]il of a lOx buffer 
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(solution #1) was added to the plasmid DNA. A 500 \xl 
amount of solution #2 was immediately added to the DNA 
containing solution and mixed gently. This was 
incubated at room temperature for 20 minutes and then 
5 the 1.0 nil solution was added to the cells in the petri 
dish. The cells were incubated overnight and 18-24 
hours later the cells were washed 2x with Hanks 
balanced salt solution without calcium and magnesium. 
Then, the cells were cultured in base media + selection 

10 drugs. The cells were selected in either 600 pg/ml 
geneticin (Gibco) or 400 pig/ml hygromycin (Boehringer 
Mannheim) or 500 pg/ml Zeocin (In Vitrogen, San Diego, 
CA) . Cells were sequentially transfected and selected 
to obtain the final cell line. 

15 The RINa cells were transfected with plasmid 

pCEP4-hPOMC-030 containing the POMC gene. This is a 
hygromycin resistant vector. The cells were also 
transformed with plasmid pcDNA3-hProA+KS-091 . This is 
a geneticin resistant vector. Finally, the cells were 

20 transfected with plasmid pZeo-PCMV-rTHAKS-IRES-bDBH-088 
which conferred Zeocin resistance. 

The AtT-20 cells were transfected with 
plasmid pBS-CMV-ProA and pCEP4-POMC-AACTH-32 which 
conferred geneticin and hygromycin resistance, 

25 respectively. Finally, the cells were transfected with 
plasmid pZeo-Pcmv-rTHAKS-IRES-bDBH-088 . 

We have tested a number of media for cell 
growth. Surprisingly we have found that in certain 
serum-free medias, the above cell lines have enhanced 

30 neurotransmitter output/ compared to serum-containing 
media. We prefer CHO-Ultra (Biowhitaker) for the 
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growth of AtT-20 cells, and Ultra-Culture (Biowhitaker) 
for the growth of RINa cells. 

Output of various analgesics from one 
transformed RINa cell line (RINa/ProA/P030/P088) is 
5 shown in Table 2. All values represent unstimulated 
cells. Output of fi-endorphin and met-enkephalin is in 
pg/10 6 cells/hr. fl-endorphin and met-enkephalin were 
measured by radioimmunoassay using Incstar kits 
(Stillwater, Minnesota) . Catecholamine output is in 

10 pmoles/10 6 cells/hr. The numbers in parentheses 

represent values from cells that were preincubated 18' 
hours with 100 yM tetrahydrobiopterin. Catecholamines 
were measured by high performance liquid chromatography 
as described in Lavoie et al., "Two PC12 

15 pheochromocytoma lines sealed in hollow fiber-based 
capsules tonically release 1-dopa in vitro", Qsll 

1-.ran.dplant.at.iQn. 2, pp. 163-73 (1993). GABA output 

from these RINa cells was 28 ng/10 6 cells/hrs. 

Table 2 

20 Cell Line Endogenous [^endorphin Met-enk Qh E 

Analgesic 

Substances 

RIN a/ ProA/ p-endorphin 22 17 3 0 

POMC/ GABA (6) (2) 

25 TH-IRES-DPH 

There are encrypted enkephalin fragments which are not 
fully processed from the pro-enkephalin precursor 
molecule. These encrypted enkephalins have opioid 
receptor binding activity. We digested these encrypted 
30 enkephalins to measure opioid activity. The trypsin 
digest protocol is as follows. A 2 yig/ml trypsin 
(Worthington #34E470) solution is added to media 
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samples on ice. Samples are vortexed, then incubated 
for 20 minutes in a 37°C waterbath. After the 20 
minute digest/ samples are returned to ice and 100 
ng/ml carboxypeptidase B (Sigma #07011) is added. 
5 Samples are mixed by vortexing, and returned to the 
37°C waterbath for 15 minutes. Samples are placed on 
ice once more and 10 ug/ml trypsin inhibitor is added. 
At this stage, samples are either extracted for met- 
enkephalin or immediately frozen for future extraction. 

10 This results in the full enzymatic cleavage to free all 
met-enkaphalin from" the longer encrypted fragments". A 
met-enkaphalin radioimmunoassay of the digested sample 
gives total met-enkaphalin from the supermatant. The 
transformed RINa cells appear to have greater than 5 

15 fold more encrypted enkaphalins compared to fully 
processed met-enkaphalin. 

Fiber capsule formation and characteristics 

Hollow fibers are spun from a 12.5-13.5% 
poly (acrylonitrile vinylchloride) solution by a wet 

20 spinning technique. Cabasso, Hollow Fiber Membranes, 
vol. 12, Kirk-Othmer Encyclopedia of Chemical 
Technology , Wiley, New York, 3rd Ed. pp. 492-517 
(1980), Unites States patent 5,158,881, incorporated 
herein by reference. 

25 The resulting membrane fibers may either be 

double skinned or single skinned PAN/PVC fibers. In 
order to make implantable capsules, lengths of fiber 
are first cut into 5 cm long segments and the distal 
extremity of each segment sealed with an acrylic glue. 

30 Encapsulation hub assemblies are prepared by providing 
lengths of the membrane described above, sealing one 
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end of the fiber with a single drop of LCM 24 (Light 
curable acrylate glue, available from ICI), curing the 
glue with blue light/ and repeating the step with a 
second drop. The opposite end is previously attached 
5 to a frangible necked hub assembly/ having a silicone 
septum through which the cell solution may be 
introduced. The fiber is glued to the hub assembly by 
applying LCM 22 to the outer diameter of the hub 
assembly/ pulling the fiber up over it, and curing with 

10 blue light. The hub/ fiber assemblies are placed in 
sterilization bags and are ETO sterilized. 

Following sterilization with ethylene oxide 
and outgassing, the fibers are deglycerinated by 
ultrafiltering first 70% EtOH, and then HEPES buffered 

15 saline solution through the walls of the fiber under 
vacuum. 

Preparati o n and Encapsulation of Transformed Ce l ls 

The transformed cells are prepared and 
encapsulated as follows: 

20 A matrix solution is prepared using a 

commercially available alginate, collagen or other 
suitable matrix material. The cell solution was 
diluted in the ratio of two parts matrix solution to 
one part cell solution containing the transformed cells 

25 described above. We prefer Vitrogen (CeltiX/ Santa 
Clara) as a matrix for AtT-20 cells. 

We prefer Organogen (Organogenesis/ Canton, 
MA) as a matrix for RINa cells. The RINa based cells 
are prepared for encapsulation by the following method. 

30 The cells are grown in base media of DMEM + 10% fetal 
bovine serum during the proliferation phase. These 
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cells can be removed from the tissue culture flasks by 
two washes in Hanks balanced salt solution without 
calcium and magnesium. Then the cells are incubated in 
0.25% trypsin + EDTA for 1 minute. This is removed and 
5 the cells are rinsed free of the flask using Hanks 
balanced salt solution without calcium and magnesium 
solution. The cells are placed in 10 mis of base media 
and centrifuged at 100 x g for 2 minutes. The cells 
are resuspended in 10 mis of the preferred serum free 
10 media (Ultra culture, Biowhitaker, Walkersville, MD) . 
Surprisingly, the RINa cells secrete more analgesic . 

« 

substances when cultured in this serum free media . 

relative to serum continuing base media. 

The cells are centrifuged at 100 g twice in 
15 the preferred serum free media before the cells are 

concentrated 1:1 with the preferred Organogen matrix. 

Organogen is a 1% bovine tendon collagen obtained as a 

sterile solution. 8 parts of this solution are mixed 

with 1 part 10X DPBS. 0.5 N sodium hydroxide is added 
20 until physiological pH is attained (approximately 

250 pis) . 

The final concentration of the cell + matrix 
solution used for encapsulation can range from 20,000 - 
50,000 cells/pl. The cells are counted in a standard 
25 manner on a hemocytometer . 

The cell/matrix suspension is placed in a 
1 ml syringe. A Hamilton 1800 Series 50 microliter 
syringe is set for a 15 microliter air bubble, is 
inserted into a 1 ml syringe containing the cell 
30 solution and 30 microliters are drawn up. The cell 
solution is injected through the silicone seal of the 
hub/ fiber assembly into the lumen of a modacrylic 
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hollow fiber membrane with a molecular weight cutoff of 
approximately 50,000-100,000 daltons. Ultrafiltration 
should be observed along the entire length of the 
fiber. After one minute, the hub is snapped off the 
5 sub-hub, exposing a fresh surface, unwet by cell 

solution • A single drop of LCM 24 is applied and the 
adhesive cured with blue light. The device is placed 
first in HEPES buffered NaCl solution and then in CaCl 2 
solution for five minutes to cross-link the alginate. 

10 Each implant is about 5 cm long, 1 mm in diameter, and' 
contained approximately 2.5 million cells. 

After the devices are filled and sealed/ a 
silicone tether (Speciality Silcone Fabrication, Paso 
Robles, CA) (ID: 0.69, OD: 1.25) is then placed over 

15 the proximal end of the fiber. A radiopaque titanium 
plug is inserted in the lumen of the silicone tether to 
act as a radiographic marker. The devices are then 
placed in 100 mm tissue culture dishes in 1.5 ml PC-1 
medium, and stored at 37°C, in a 5% CO : incubator for 

20 in vitro analysis and for storage until implantation. 

The encapsulated cells are then implanted 
into the human sub-arachnoid space as follows: 

Surgical Procedure 

After establishing IV access and 
25 administering prophylactic antibiotics (cefazolin 
sodium, 1 gram IV) , the patient is positioned on the 
operating table, generally in either the lateral 
decubitus or genu-pectoral position, with the lumbar 
spine flexed anteriorly. The operative field is 
30 sterily prepared and draped exposing the midline dorsal 
lumbar region from the levels of S-l to L-l, and 
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allowing for intraoperative imaging of the lumbar spine 
with C-arm fluoroscopy. Local infiltration with 1.0% 
lidocaine is used to establish anesthesia of the skin 
as well as the periosteum and other deep connective 
5 tissue structures down to and including the ligamentum 
f lavum. 

A 3-5 cm skin incision is made in the 
parasagital plane 1-2 cm to the right or left of the 
midline and is continued down to the lumbodorsal 

10 fascia using electrocautery for hemostasis. Using 
traditional bony landmarks including the iliac crests 
and the lumbar spinous processes, as well as 
fluoroscopic guidance, and 18 gauge Touhy needle is 
introduced into the subarachnoid space between L-3 and 

15 L-4 via an oblique paramedian approach. The needle is 
directed so that it enters the space at a shallow, 
superiorly directed angle that is no greater than 30- 
35° with respect to the spinal cord in either the 
sagittal or transverse plane. Appropriate position of 

20 the tip of the needle is confirmed by withdrawal of 
several ml of cerebrospinal fluid (CSF) for 
preimplantation catecholamine, enkephalin, glucose, and 
protein levels and cell counts. 

The Touhy needle hub is reexamined to confirm 

25 that the opening at the tip is oriented superiorly 

(opening direction is marked by the indexing notch for 
the obturator on the needle hub) , and the guide wire is 
passed down the lumen of the needle until it extends 4- 
5 cm into the subarachnoid space (determined by 

30 premeasuring) . Care is taken during passage of the 

wire that there is not resistance to advancement of the 
wire out of the needle and that the patient does not 
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complain of significant neurogenic symptoms/ either of 
which observations might indicate misdirection of the 
guide wire and possible impending nerve root or spinal 
cord injury, 
5 After the guide wire appears to be 

appropriately placed in the subarachnoid space, the 
Touhy needle is separately withdrawn and removed from 
the wire. The position of the wire in the midline of 
the spinal canal, anterior to the expected location of 

10 the caud equina, and without kinks or unexplainable 
bends is then confirmed with fluoroscopy. After 
removal of the Touhy needle the guide wire should be 
able to be moved freely into and out of the space with 
only very slight resistance due to the rough surface of 

is the wire running through the dense and fibrous 
ligamentum flavum. 

The 7 French dilator is then placed over the 
guide wire and the wire is used to direct the dilator 
as it is gently but firmly pushed through the fascia, 

20 paraspinous muscle, and ligamentum flavum, following 
the track of the wire toward the subarachnoid space. 
Advancement of the 7 French dilator is stopped and the 
dilator removed from the wire as soon as a loss of 
resistance is detected after passing the ligamentum 

25 flavum. This is done in order to avoid advancing and 
manipulating this relatively rigid dilator within the 
subarachnoid space to any significant degree. 

After the wire track is "overdilated" by the 
7 French dilator, the 6 French dilator and cannula 

30 sheath are assembled and placed over the guide wire. 

The 6 French dilator and cannula are advanced carefully 
into the subarachnoid space until the opening tip of 
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the cannula is positioned 7 cm within the space. As 
with the 7 French dilator, the assembled 6 French 
dilator and cannula are directed by the wire within the 
lumen of the dilator . Position within the subarachnoid 
5 space is determined by premeasuring the device and is 
grossly confirmed by fluoroscopy. Great care is taken 
with manipulation of the dilators and cannula within 
the subarachnoid space to avoid misdirection and 
possible neurologic injury. 

10 When appropriate positioning of the cannula" 

is assured, the guide wire and the 6 French dilator are 
gently removed from the lumen of the cannula in 
sequence. Depending on the patient's position on the 
operating table, CSF flow through the cannula at this 

is point should be noticeable and may be. very brisk, 

requiring capping the cannula or very prompt placement 
of the capsule implant in order to prevent excessive 
CSF. 

The encapsulated (transformed cells) is 
20 provided in a sterile, double envelope container, 
bathed in transport medium, and fully assembled 
including a tubular silicone tether. Prior to 
implantation through the cannula and into the 
subarachnoid space, the capsule is transferred to the 
25 insertion kit tray where it is positioned in a location 
that allowed the capsule to be maintained in transport 
medium while it is grossly examined for damage or major 
defects, and while the silicone tether is trimmed, 
adjusting its length to the pusher and removing the 
30 hemaclip™ that plugs its external end. 

The tether portion of the capsule is mounted 
onto the stainless steel pusher by inserting the small 
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diameter wire portion of the pusher as the membrane 
portion of the device is carefully introduced into the 
cannula. The capsule is advanced until the tip of the 
membrane reaches a point that is 2-10 mm within the 
5 cranial tip of the cannula in the subarachnoid space. 
This placement is achieved by premeasuring the cannula 
and the capsule-tether-pusher assembly, and it assures 
that the membrane portion of the capsule is protected 
by the cannula for the entire time that it is being 

10 advanced into position. 

After the capsule is positioned within the 
cannula, the pusher is used to hold the capsule in 
position (without advancing or withdrawing) in the 
subarachnoid space while the cannula is completely 

is withdrawn from over the capsule and pusher. The pusher 
is then removed from the capsule by sliding its wire 
portion out of the silicone tether. Using this method 
the final placement of the capsule is such that the 5 
cm long membrane portion of the device lay entirely 

20 within the CSF containing subarachnoid space ventral to 
the cauda equina. It is anchored at its caudal end by 
a roughly 1-2 cm length of silicone tether that runs 
within the subarachnoid space before the tether exits 
through the dura and ligamentum flavum. The tether 

25 continues externally from this level through the 
paraspinous muscle and emerges from the lumbodorsal 
fascia leaving generally 10-12 cm of free tether 
material that is available for securing the device. 

CSF leakage is minimized by injecting fibrin 

30 glue (Tissel®) into the track occupied by the tether in 
the paraspinous muscle, and by firmly closing the 
superficial fascial opening of the track with a purse- 
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string suture. The free end of the tether is then 
anchored with non-absorbable suture and completely 
covered with a 2 layer closure of the skin and 
subcutaneous tissue. 
5 The patient is then transferred to the 

neurosurgical recovery area and kept at strict bed 
rest, recumbent^ for 24 hours postoperatively. 
Antibiotic prophylaxis is also continued for 24 hours 
following the implantation procedure. 

10 Sequences 



The following is a summary of the sequences 





set 


forth 


in 


the Sequence Listing: 




SEQ 


ID 


NO: 


1 - 




DNA sequence of 


oligo oCNTF-003 




SEQ 


ID 


NO: 


2 - 




DNA sequence of 


oligo oIgSP-018 


15 


SEQ 


ID 


NO: 


3 - 




DNA sequence of 


IgSP-hPOMC fusion 




SEQ 


ID 


NO: 


4 - 




DNA sequence of 


IgSP-hPOMC-AACTH fusion 




SEQ 


ID 


NO: 


5 - 




DNA sequence of 


oligo orTH-052 




SEQ 


ID 


NO: 


6 - 




DNA sequence of 


oligo orTH-053 




SEQ 


ID 


NO: 


7 - 




DNA sequence of 


oligo orTH-054 


20 


SEQ 


ID 


NO: 


8 - 




DNA sequence of 


oligo orTH-078 




SEQ 


ID 


NO: 


9 - 




DNA sequence of 


oligo oIRES-057 




SEQ 


ID 


NO: 


10 




- DNA sequence 


of oligo obDBH-065 




SEQ 


ID 


NO: 


:11 




- DNA sequence 


of oligo oIRES-bDBH-064 




SEQ 


ID 


NO: 


:12 




- DNA sequence 


of oligo oIRES-bDBH-066 


25 


SEQ 


ID 


NO; 


:13 




- DNA sequence 


of oligo oIRE-068 




SEQ 


ID 


NO: 


:14 




- DNA sequence 


of oligo orTHA-073 




SEQ 


ID 


NO 


:15 




- DNA sequence 


of oligo ohPOMC-IRES-069 




SEQ 


ID 


NO 


:16 




- DNA sequence 


of rTHAl-155 




SEQ 


ID 


NO 


:17 




- DNA sequence 


of rTHA+KS 


30 


SEQ 


ID 


NO 


:18 




- DNA sequence 


of rTHA-IRES-bDBH 




SEQ 


ID 


NO 


:19 




- DNA sequence 


of rTHAKS-IRES-bDBH 
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5 



SEQ 


ID 


NO: 20 


— 


DNA 


sequence 


of oligo ohPOMC-IRES-070 


SEQ 


ID 


N0:21 


— 


DNA 


sequence 


of oligo oIRES-rTHA-071 


SEQ 


ID 


NO: 22 


— 


DNA 


sequence 


of oligo orIRES-rTHA-072 


SEQ 


ID 


NO: 23 


— 


DNA 


sequence 


of IgSP-hPOMCAACTH-IRES- 










r THA- IRES -bDBH- 068 fusion 


SEQ 


ID 


NO: 24 




DNA 


sequence 


oIRES-074 


SEQ 


ID 


NO: 25 




DNA 


sequence 


of oligo oZeocin-077 


SEQ 


ID 


NO:26 




DNA 


sequence 


of oligo oIRES-Zeocin-075 


SEQ 


ID 


NO: 27 




DNA 


sequence 


of oligo oIRES-Zeocin-076 


SEQ 


ID 


NO: 28 




DNA 


sequence 


IgSP-hPOMCAACTH-IRES-rTKA 










-IRES-bDBH-IRES-Zeocin-073 


SEQ 


ID 


NO: 29 




DNA 


sequence 


of proA+KS 


SEQ 


ID 


NO: 30 




DNA 


sequence 


of IRES fragment 



Deposits 

15 RiNa/ProA/POMC/TH-IRES-DBH cells, transformed 

to produce a catecholamine/ an enkephalin and an 
endorphin, as described above in the example (and in 
Table 2), named RINa/ProA/P030/P088, have been 
deposited- The deposit was made in accordance with the 

20 Budapest Treaty and was deposited at the American Type 
Culture Collection, Rockville, Maryland, U.S.A. on June 

» 

7, 1995. The deposit received accession number 
CRL 11921. 

The foregoing description has been for the 
25 purpose of illustration and description only. This 
description is not intended to limit the invention to 
the precise form exemplified. It is intended that the 
scope of the invention be defined by the claims 
appended hereto. 
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10 



SEQUENCE LISTING 



(1) SMKAL INEO^nOI: 



(i) AEELICTNT: Cyteflherapeutics, Inc. (Fbr purposes of all 

designated states except IB) 
Stnu Wtx^f (Fbr purposes of IE cnly) 

Joel Saydoff (Fbr purposes of IB oily) 

(ii) TITLE CF INVENTION: ERIN CELL LINE 

(iii) NCM3ER CF SEJQGEN2S: 30 

15 (iv) OCFPESKI^ENIE AEERESS: 

(A) -AEEFESSEE: Jares F. Haley, Jr./Ivor R. Elrifi 

FISH & NE2S/E 

(B) SIFEET: 1251 Ave. of the Anericas 

(C) CEEY: New York 
20 (D) SME: New York 

(E) COMRY: USA 

(F) ZIP: 10020-1104 

(v) OMEUIER PEOPLE BOW: 
25 (A) MEDIUM TflEE: Flcppy disk 

(B) CXMUIER: EM PC compatible 

(C) CEOfcmC S*5EM: PC-DC6/M5-D06 

(D) 90£TWM*E: Patentln Release #1.0, Version #1.30 

30 (vi) OLFRENT AEHICATICN 

(A) AEELIOOTCN NLMBER: 

(B) FETING EKIE: 

(C) OASSIFIOTICN: 

(vii) ERICR APPLIGATICN Um: 
35 (A) APEUCATICN Ntl€ER: IB 08/481,917 

(B) FILING EME: 07-JUE-1995 

(viii) AnCFNEY/flSNT INFOMETCN: 
(A) NPME: Elrifi, Ivor R 
40 (B) REEISIEATICN NLMBER: 39,529 

(C) REHFENXflECKET NLMBER: CIT-29 CEP PCT 



(ix) TELH3I MMIC3fflICN INEO*4ftXICN: 
(A) TELEHPB: 212 596-9000 
45 (B) 1ELEEPX: 212 596-9090 
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10 



20 



25 



35 



40 



(2) EOR SEE IDND:1: 

(1) SEXJETCE OTRPCIERISITCS: 

(A) IEN3IH: 33 base pairs 

(B) THE: nucleic acid 

(C) SERSMHMSS: single 

(D) ICEOiDQr: linear 



(ii) MTFTTfTF. TYPE: dm 
(iii) ffiKJIHLTlCT L; ND 
15 (iv) /NTI-SENSE: NO 



(vii) MCDIME SOKE: 

(B) CL£NE: aCNTF-003 



(xi) SE3QUENZE EE9CKEPTICN: SEQ ID ND:1: 

CT ^fflGIO^Z: TGT 33 
(2) INEOWKTICN KR SEQ ID ND:2: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
30 (B) TYEE: nucleic add 

(C) STHWCECNESS: single 

(D) TCEODGY: 



(ii) M2KXIE TOE: cTNA. 
(iii) fflFOIHEnCHL: NO 
(iv) 2NIT-SENSE: ID 



(Vii) IMMEDKIE SOKE: 

(B) OCNE: oIgSP-018 



45 (xi) SEQUENCE EESCREETICN: SEQ ID JO:2: 

Tl' lUJ J d tf.- A N&JJ&Kn: CSC 23 
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(2) INECFMKTICN KR SEQ ID N0:3: 

(i) SEQUENCE OSRACniWSTICS: 
5 (A) IDdH: 849 base pairs 

(B) 1YFE: nucleic acid 

(C) SIKWETOESS: single 

(D) TCKUDGY: linear 

10 (ii) MTFfflTB TOE: EMV (geaxmic) 

(iii) ffitUlHLTlCSL: ND 
(iv) ^OTI-SEICE: ND 

15 

(vii) 3M4EDIA2E SOKE: 

(B) QUE: IgSP-hKMZ 

20 (ix) EEMIRE: 

(A) *F*E/KEX: 5' Um 

(B) 10CBXICN: 1..43 

(ix) EEMURE: 
25 (A) IWEAGX: excn 

(B) LDCKTICN: 44. ,89 

(ix) FraiUPE: 

(A) ITOC/tEY: intrcn 
30 (B) LOCATICN: 90.. 168 

(ix) FEAIURE: 

(A) IWE/KEY: 3 f UIR 

(B) KIMICN: 807.. 849 



35 



40 



45 



(ix) EEKHFE: 

(A) IWME/KEY: miscjfeature 

(B) I1XKTICN: 43.. 186 

(D) ODER INKH^KTICN: /products "I^> region" 

(ix) EEKKEE: 

(A) JWE/KEY: miscjfeature 

(B) KXaHCN: 187.. 806 

(D) OMR INECTMOTCN: /products "hFQC regim" 



(xi) SEQJE2CE EESCPIPnCN: SEQ ID ND:3: 
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15 



25 



35 



40 



45 



amaacrr joaksa&t 03mG33r 



TMcncrrc ctckkhm tostcogs topg^gzic cd^iuula j^cnraGia 
tcemtwo amua sr G33$iacr Tiarrncr TIOTOG33 cnraAnras 



CTTKro333 mmsjjdPc ggmc igmycaA cnnm TRasiCTias 



:ffl3Q3HE 



3 G03W3OG 



•cct««c 



nG CEKSG33DG 



Gmggc aojoiaT gsiaxapa: amim csmrRSG ancnga 1 

ft. a' l U U LL' mG QXWgEGS TG33Jft?A 0333333X3. CTaSGSICT 



••Queerer 



¥3 (SGI 



3 jmrnar cuiraGnc jv&gjpgz 



20 TG^TOTXA 30033 SmSGKIG 



3 anoDDsa 1 



*3 



G33333GX OTOHGSE QOGXKE lULMdJULEC aSTOPG&PG (S02G33X 



ecmjGgg (smcnc aaarairA ujjLimm aaeaasag: Tsrancrr 
tc k ds^ck: c&gv&bz aoamr rasicsm^ ctic&aaapc gdcmueov 



?&KX33Cni CSGICTG33Z JOGZG33X 

30 

(2) INEIHOTICN KB SEQ ID ND:4: 



(i) SEQUEKE CTARPCEKISnCS: 

(A) IEMHH: 525 base pairs 

(B) TOE: nucleic acid 

(C) SIBPNEEBESS: single 

(D) TCFCiaar: linear 

(ii) MUHULE TEE: I*¥V (gerrmLc) 
(iii) ffiPanOlCTVL: NO 
(iv) JOTI-SE^EE: MD 



(vii) MDIM) SOURCE: 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
849 



SUBSTITUTE SHEET (RULE 28) 



WO 96/40959 



PCT/US96/09629 



10 



- 59 - 



(B) OOE: TgSP^iKmSCIH 

(ix) HEKIURE: 

(A) NBE/KEX: 5 f UTR 

(B) ID301CN: 1..43 

(ix) EE7HURE: 

(A) tWE/KEY: excn 

(B) KXAIKN: 44.. 89 

(ix) EEKKFE: 

(A) l^E/KEY: intrcn 

(B) LOCOTICN: 90.. 168 

15 (ix) EEMUFE: 

(A) NBC/KEY: exon 

(B) LOCBSICN: 169.. 482 

(ix) EEKHJRE: 
20 (A) m€MX: 3'UIR 

(B) LXAIICN: 483.. 525 

(ix) EEKTUFE: 

(A) r^E/KEY: misc^feature 
25 (B) BDCXTICN: 44.. 188 

(D) OTHER INFOMETOJ: /products "IgSP region" 

(ix) EEKTURE: 

(A) ntisc_feature 
30 (B) LXKTICN: 189.. 482 

(D) OTHER INKFMATICN: /products "hFCM: regicn" 



35 



(xi) SEQUENCE EESCRIFnCN: SEQ ID ND:4: 

G^ilDa T Q UlL TTg^ GTCS^OoT qnCTCCTT JfEAKKaAftT (JLSOJKGjT 60 

i muriLTic cil k iujlHj uubTiy cras igmnnc co^gioxa apctictq33 120 

40 •kektowct c i CTg oor arA?nacr tiulxjitilt ticeoo3G giwktkeg iso 

cmarac l tiui j xtc gpgitcapgv a&annc iGrom^ oom^GS 240 

G&wmx ag mj J LL T Qjjairyos oromg: ogmnac ogstcbca 300 

A3333XCIA CPGSflraG C7LTIUCQ3T 360 



45 
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(33332&XJZ G3X7^G3C OHjITICAT 420 

UJJJXTOST (3 UJJ1LiT1L: AAfifiHIIIA ICTIO^A> 03XI?OPG 480 
5 a3333D33G G30IMXIC 03X20203 TOSC 525 

(2) INECHffiTICN KR SEQ ID ND:5: 

(i) SEQ3KE CTORPCIBRISnCS: 
io (A) LENGTH: 30 base pairs 

(B) TYEE: ntcleic acid 

(C) SMOTTTNESS: single 

(D) TCEOnZ: linear 

15 (ii) MIHUIE TYEE: dm 

(ill) KOUOETIOL: ND 

♦ 

(iv) ND 

20 

(vii) mEDim: SOURCE: 

(B) CLOE: ortH-052 

25 

(xi) SEQUEKE EESCKEPTICN: SEQ ID ND:5: 
aOTMZCTG QCKD33X KJ3JX2Q33 30 
30 (2) INECRWICN KR SEQ ID ND:6: 

(i) SEQUEKE OPKCEFISTICS: 

(A) I£N3IH: 30 base pairs 

(B) TYEE: nucleic acid 
35 (C) sn&XttTTFFR: single 

(D) TCKKGY: linear 

(ii) MXEDJLE TYEE: ciNft. 
40 (iii) HYEOTOTCAL: ND 

(iv) ANTI-SENSE: ND 



45 (vii) M€DKIE SOURCE: 

(B) CLONE: orTH-053 



SUBSTITUTE SHEET (RULE 26) 



WO 96/40959 PCT/US96/09629 



- 61 - 



(xi) SEGEtCE EESCRIPnGN: SBQ ID ND:6: 

co333accr AEGsarrc amsmx 30 

5 

(2) INECttffllCN KR SEQ ID ND:7: 

(i) SEQUENCE CWKOEKISriCS: 

(A) IEN3IH: 30 base pairs 
io (B) THE: nucleic add 

(C) SERENEEENESS: single 

(D) TuEOTOGy; linear 

(ii) MUEEUIE TOE: dm 

15 

(iii) ffiHJIHJi'lCRL: NO 
(iv) JPNI1-SEN3E: ID 

20 

(vii) IMEDIME SOURCE: 

(B) QUE: 01011-054 



25 (xi) SEQHCE DESCRIPnCN: SEE ID ND:7: 

lUblUJXTG 30 
(2) INECR^TICN KR SEQ ID ND:8: 

30 

(i) SEQUENCE CHARACTERISTICS: 

(A) I£N5IH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) SnffMTTNESS: single 
35 (D).lOECIL0G!f: linear 

(ii) MXEEULE THE: cINA 

(iii) HHOIIEnCAL: ND 

40 

(iv) JNIT-SENSE: ND 



(vii) M4EX)IKIE SOURCE: 
45 (B) QOC; arTH-078 
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(xi) SEQUENCE EESCRIPnCN: SEQ ID ND:8: 

cdgaketic Gcnmmas raxcrasiT err 

5 (2) INECRKTICN KR SEQ ID ND:9: 

(i) seqlenze cHBRflCERisrics: 

(A) LENHH: 30 base pairs 

(B) TYEE: nucleic add 
10 (C) SIRSNEECNESS: single 

(D) TCKIOar: linear 

(ii) VOEJIE TYEE: dm 
15 (iii) HXEDHEIICSL: ND 

(iv) 7Wn-SENSE: ND 



20 (vii) 1WEDUVZ SOKE: 

(B) CL£NE: oIPES-057 



(Xi) SEQUENE EESCBIPnCN: SEQ ID ND:9: 

25 

pmnvnjs oiriaux touxd i i : 

(2) INEOMOTCN KR SEQ ID ND:10: 

30 (i) SEQUENCE CHBWOEKESriCS: 

(A) LENHH: 30 base pairs 

(B) TYEE: nucleic acid 

(C) SffiPNETOESS: single 

(D) TZHDLCGY: linear 

35 

(ii) MTFTTTTE TYEE: 
(iii) HYKJiHtlLIO^L: NO 
40 (iv) JWTI-SENSE: ND 



(vii) IMyEDIA2E SOURCE: 

(B) OTNE: <±EHH)65 

45 

(xi) SEQUENCE EESCMPnCN: SEQ ID ND:10: 
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5 



15 



40 



45 



Mmsrc crnosncA culthuljul; 30 

(2) KF SEQ ID ND:11: 



(i) SEQttNCE CWRfiCIERISTICS: 

(A) LEN3H: 30 base pairs 

(B) TYEE: nucleic acid 

(C) STKBMTTftESS: single 
10 (D) TCEOOOr: linear 



(ii) M2HXIE TYPE: dm 
(iii) HYPOnEHCTL: NO 
(iv) JMT-SE1EE: NO 



(vii) MEDIME SOKE: 
20 (B) oIEES-bEEH)64 



(xi) SEQUENCE EESCRIPnCN: SEQ IDN0:11: 
25 CIT3XZOA COTGIM33 OmiESIG 30 
(2) INKR^TICN FOR SEQ ID NO: 12: 

* 

(i) SEQUENCE CHARPCIERISnCS: 
30 (A) I£N3M: 30 base pairs 

(B) TYEE: nucleic acid 

(C) SHEMIINESS: single 

(D) TOPOLOGY: linear 

35 (ii) M3HHLE TYEE: dm 

(iii) HYPCramCPL: NO 
(iv) 2NTI-SEN5E: NO 



(vii) IM4EDIASE SOURCE: 

(B) OOE: dlHES4£EH-066 



(xi) SEQUENCE DESCPIPnCN: SEQ ID N0:12: 
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10 



20 



25 



35 



40 
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uuj^iuii, ErarasriG igx^ctt so 

(2) INEOWKTICN KR SEQ IDND:13: 

(i) SEQUENCE CH^^nHUSITCS: 

(A) IEN3EH: 30 base pairs 

(B) TYEE: nucleic acid 

(C) SIBBNTTTTESS: single 

(D) TCEOLOGy: linear 



(ii) MXEEUEE TOE: cO^ 
(iii) ffiWlHLTlCHL: NO 
15 (iv) ANTI-SE>EE: NO 



(i) SEQUENCE CTARPCTEKESnCS: 
(A) I£N3K: 25 base pairs 
30 (B) TOT: nucleic acid 

(C) STOBNCEINESS: single 

(D) TCKKXar: linear 



(ii) mmXE TOE: dm 
(iii) HXPOIIEnCTVL: NO 
(iv) ANTI-SENSE: NO 



(vii) M3ME SOURCE: 

(B) 0£*B: QrTHD-073 



45 (xi) SEQUENCE nSCRIETKN: SEQ ID ND:14: 



•tec 
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(vii) MEHKEE SOKE: 

(B) OJ3E: oIgSP-068 



(xi) SEQLENE DSSCK EFTICN: SEQ ID NO: 13: 
IffSaHHOG ( JJ3JJ3JS B Z POlL'n&G 30 
(2) INKR^ITCN KR SEQ ID ND:14: 



25 
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(2) INEOMKETCN KR SEE ID ND:15: 

(i) SEQUENT CHRTOCIIBISTICS: 
5 (A) LE2GIH: 30 base pairs 

(B) TYEE: nucleic acid 

(C) STOPNEETNESS: single 

(D) TCEOiDGY: linear 

10 (ii) MXIEULE THE: dm 

(iii) HXPC0HE3TKHL: NO 
(iv) NO 



15 



20 



(vii) SOKE: 

(B) CU2E: chKM:-IRES-069 



(xi) SEQLeCE EESCRIPnCN: SEE ID ND:15i 

5 «a 3333 1 1 : GCJGD3aCCT 30 



25 (2) INFOMETCN KR SEQ ID ND:16: 

(i) SEQUENCE CHAKOERISrnCS: 

(A) IHdH: 1030 base pairs 

(B) 1YEE: nucleic acid 
30 (C) STOPNEINESS: single 

(D) TCEOiDGY: linear 

(ii) MTFOTF, TYEE: INA (genonic) 
35 (iii) HYP0THEIIGVL: ND 
(iv) TOTI-SEKEE: ND 



40 (vii) MEDIATE 90JKE: 

(B) CLOSE: rTHD 

(ix) EEMLFE: 

(A) mE/KEY: 5'UIR 
45 (B) KXM1CN: 1..6 

(ix) EEMUFE: 
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10 



20 



30 



40 



(A) IWE/KESf: ecn 

(B) LXKTICN: 7.. 1017 

(ix) EEMURE: 

(A) *»E/KEX: 3'UIR 

(B) LXmCN: 1018.. 1030 



(xi) SEQUENCE LESCRIPnCN: SEQ ID N0:16: 
Aff LLTimUa TO3X3G3IT (HMCBNft. GIGKHSAT TGSOBGIG T 



X3 



15 CEXHIGIC Q3«ncaT TOJGHSflT GLLTIUJGT ^0^03033 TCAPCOMT 
(XCTTOIOS MTJOOKE G3KEIGGR A33Q3D0A TSK30QCIG 



•MG33XICT AD3CU0XA T3O3033G (SG30CIQ3 M33ITKXA (CnCTCESA 
K3IG G3f£SG3TC Q3CM3X33 CDSCTICriG 



tfOGMOaa. C1ULLT1ULA G3K335°OX GI 



ce«tc 



sic ra 



eu«*t 



3 (J LL ILA ITIT 



25 CT33J3GEC TQ3XTKE3 IG3m?GI K 



crrwie 



OCT JOXKTGTIG 



(L'lajm c ki'I'mula GnciorTG gonoac tillwiult g3333Xtca 

GOTSHGftA. TK3ffiWWCT CIDCSOSjIG TSCIG3TICA CIGKEAKIT CH3XIKIGr 



eerre 



evrece 



' MU ' iUUlft , 



35 ci 



GJZmPCh CIMGXTCT CGITWI^ UJUUAT1UIL TCKSffiGTIT 

omisnoi (xnmiKr tsctos oomnc toockkxa gctctxtig 



45 OflEGjBJOC 



60 



GIOmffiGT TIGFOXDSA. TCT930CT3 gaXPTO OjnUL'lLA aTOSTGIAT 120 



180 
240 
300 
360 
420 
480 
540 
600 
660 
720 



ZTTIG PCCCP&CPC JV33GTIGIG 780 



CT GDOTTC CTKPKT&C 840 



900 
960 



:3G QQ 33 Q33C TPGCTBAKIG 1020 



1030 



(2) INEO^RTICN ECR SEQ ID ND:17: 
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5 




(ii) M3EHHLE TOE: HA (genmic) 



10 



(iii) ffiKJiHhTlCAL: ND 



(iv) JWn-SEtEE: ND 



15 (vii) MdmE SOURCE: 

(B) CL£NE: rTHEKS 

(ix) EEMURE: 

(A) NSC/KEY: 5'UIR 
20 (B) LXAXICN: 1..13 

(ix) EEKItPE: 

(A) bPfrC/KEY: excn 

(B) KXMICN: 14.. 1024 



(xi) SEQUENCE OSCRIPnaJ: SEQ ID ND:17: 

mctioic MaiGsia: cuiubTiux azraswciG las^rics ^ctpgigiov 60 

35 cooc mc xn«3rnG imnsaci osmose ctophct icick?cca 120 

(^ikwuac: cmcgioia Mcreara: m^sotox thx?gi?ca mchegka iso 

jmOTiax aEGias^r ioomiA ^smriOT mct33^G3 paznznwGi 240 

40 

amn®PG ggxicikig CEmraoc ckoigsg cscciQGfiGG Gmraacr 300 

TCia3tf033 CWJJIGGMS JmGICOOG 360 

45 cncna^G omasac qotcoot QDsmuiG gjjjjicm: TsnnmE 420 

'lt^i ' lTlUU GX7EICIG3 (JLTIUJLICT QTllMKE PCXXPGIPZh TO33XPtfX 480 



25 



(ix) EEEIURE: 

(A) NHVE/KEX: 3 f UIR 

©) laancN: 1025. .1037 



30 
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C103CKX.T ManOC CHJ AUU JLLA CIGJGiaT GBCTCTIQj SOIGmX 



CKIUI'IUXT 



TKUD dT AiUliaCHG CKICICIQ3S 



Q3XK7CKT GMGtfffiTIG AWftfiCICIC CTOinGKC lUbTlUOG T3^ATia33 



WV C3fflKR3333 A03»G33 TTKKEIOSV UiLlUJIGT CTTCCTmB 



10 aseckuig aanriGr araasm: naaGiam gcttso: aooaa: 



TTOTIGIGT 



CMK503X AfiGGBCMGS T 



k TOTOC Er KDXPQPgX gfflCICICT 



15 



gwotiqc aasDoac ransaiGA asnoasc jmnara 



anrnosc oaasiccras Arracosnv cpccctgooz ooixnt^ gkuktibg 

(2) INECRraiCN KR SEQ ID ND:18: 

(i) SEQUENCE CHHSraERISTICS: 
25 (A) IHdH: 3425 base pairs 

(B) TYEE: nucleic acid 

(C) SIRMCEDSESS: single 

(D) TGEOn^: liiBar 



30 (ii) MXBDULE TOE: (goxnac) 

(iii) HYKIMEnTCEL: ND 
(iv) 2NTI-SEN5E: NO 

35 

(vii) MLIME 90LFCE: 

(B) 0£NE: rTH-IFES-fc£ffl 

40 (ix) EEKHFE: 

(A) mE/VEt: 5'UIR 

(B) LDOTICN: 1..6 

(ix) EEMUFE: 
45 (A) OTME/KET: excn 

(B) IOffiTICN: 7.. 1017 



540 
600 
660 
720 
780 
840 
900 
960 
1020 
1037 
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(ix) EERIURE: 

(A) NEC/KEY: intrcn 

(B) KXKTICN: 1018. .1617 

5 (ix) EE&SUFE: 

(A) IWE/KEY: excn 

(B) irXKTICN: 1618.. 3411 

(Ix) EEMIFE: 
10 (A) NBC/KEY: 3'IHR 

(B) LDCKT1CN: 3412.. 3425 

(ix) EEA3URE: 

(A) NHME/KEX: misc_feature 
15 (B) nXAHCN: 1025.. 1617 

(D) OMR INKKMTCN: /products 



20 



ti 



(xi) SEQUENCE HSCRIPnCN: SEQ ID MD:18: 

^LLTMiUJ lULUL ' imiT em«aafiA GICT333¥¥T T33£APGIG TOmG 60 

xiamntA iiio a mG ommns ocncicrsv cn^GiGiKr 120 

25 03X?mjIC GOTG^iraT TO^ffffilT GXITXPGT PCPPGCPC33 TfftfmOTT 180 

03XAJCTG3 ?mauaz agffgorr ojiro^a pa3xnmrA tcooxtc 240 

AD3HMHA. TGCOQCII33 GMCMCIGS AGOTTKIA QZTICKI^A 300 

30 

casDOSiG <rmcn»» asomEC octoqziqs Msraoc gjxtktig 360 

AA33^m^ ao3ma^ a^i^^ 420 

35 ararHSC Trarrroas cmomim ra^mycr othohxa tqxkcka 480 

ajimajA TT CKCTaGX u^chxtoz amya^iGr lazsoror jrasronG 540 

CKITIG3XR faTlL'lUUUKS GOTOCTC TTOZAICIUT 600 

40 

G^SHS^ TK»AAAra 660 

ma&wiG gotikpct gauj m : TGiarcm aasmoc 720 

45 cEgocn: ToKtoqa oxjgcsic asmmc rajooc 780 

CPGXCntE ASffilOWC CIJOMXr GIGUCITIG TGIOm^G CTKAAKSC 840 
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5 



«33tA CBOOriCr OSmnXMC IAJLLKT1UIL TGin^GTH 900 

CT CP33gO \ O Oa30J g TSnSZOG gQGXCIC KEuMUiA G333ICCTIG 960 

g GSCT X MSOEKET GJOGEIG GCTOggC TC?03I3ff mEISBfilG 1020 

omnaicc Gmjcicc crcmmr criMCGrm cmm uulltiggw loso 

io TOQ3333?r GnrsmCT aararorm mrogocR tajtoxgic rmnxmr mo 

GOQ330X GSMI3S3 OCOGICnC TIOnSOCA TTCTQ333 'lUTlUUXT 1200 

CIOTOWG ' IL'ItaTllS^T GICEI®ffl3 ICIGS^TT 1260 

15 

jwomgic iGumso: crnocsox panmrc cracoax 1320 

SOffiOTX TCIG333JCfl M&AIAJbT GIOT^ffiEA 1380 

20 crrnGiGX «3snGD3C Trasawsrr giotapgpg tctaaigxt ckeiotg^ 1440 

Gmnra?£A AmosA qsaioxepg waz&cccc jmuiarax aowictc isoo 

gaaCT COs r (oraiaurr ttotcigtt msasosr toaaapgst amnc 1560 

25 

a3ff03KXE osmtnrr tiujitiu& m&o&VG jrarazria: gommg 1620 

unnKDj cGSianE r CTianosic atcckekc ciaioa^ ujlliugxt 1680 

30 (ianm (jjuultiuul cnmoac ujxig^x cmmaoc cnosmG 1740 

TO CTSS g ov mm oMsmr kfcifctkz ajjillh^t GcaaKEic isoo 

fiMXTOSIG TQ3CT1TGG CSmiaX T33^GAA!IG3 TfflCTIOGIG 1860 

35 

GKUCDGa, CIOOGZA am3 CT C TTIQ33GAIG CCIQGPGKA a3fflPG333 1920 



O OIKP O: 'Ki ^lQXA a^LTiaLD G322CP&G 1980 

40 gxctgpo: lUJiiTiim g ^mrmT q33tcigig pcojjwj& cmoic 2040 

gmmiA OJilUJ fflCT QSIGIKiaA MD03 MUUb GTUTIQ^G 2100 

Tcnacwov aacnmr o^om 003*3*333 tototgct gvgjzibz 2160 

45 

aiaxDWE c oacrc ro x angora crom^os otooqii: craraosic 2220 
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c CTOGDoas rocMBKA aimjiLuj asmrnc 2280 



ampjEC jCT iuao g (Msmr akctctox ;mmaGa 



ccac 



2340 



5 OmOOG3 AJalLTllLA GI 



esecccc 



: (SGTICSra. (XKTCnXEA CTIOm3Q3 2400 



eettct 



TO33XE1G3 OUX TflGX ClTlTKaSC 03QC3\AG 



: onoaaaag; 



ect«ce«c* 



15 a : uiijv ch ■ luaa. ' iujb cn 

AliilXLUi TO3K3GCG3 C 



3 qopgio^ uulajjiux <xr 



romanc ig ^itTiiuj aciamc aomm: i 



JOGK32K33 03033033 



••eeerer*. 



CO 



30 



enettwier 



••C9C4C 



3IG CI 



: tc 



2460 



2520 



: cxassiTicr ojgxtgsa Gnezrarac pcppcccpct ggigkewca 2580 



3 7OX10335 QTOnG TPCBOK33G GXCTCOGBC 2640 



£ laGCaiOX 2700 



2760 



3 OfflLLTflSlC 2820 



\ QOTaK?l prT rcra fro CDCKK33 2880 



03OOTX 703EKPX3 caiUl'lliftBG APaSTOGIGT CK3KESG0C G33O03IG 2940 

25 ciQgQccr cnaooaa cmim somn: H33x?ra3r eimmrc 3000 

03ICAPCIBT G1ULSCDCP POCCCCP&C (X20CTG&G 3060 



\ GOGXGIGGfi OLITJXTIC OOSOPGr JCTIUIICT 03IOTOY33 3120 



TIUraiE M3WGICIG (3G3XICIG 1UXIEBGCA GITIQCEKE 3180 



3240 



35 TXKIGDO QCMOmC ClOmiJlC OmUCSGG TO3330XE 3300 

ciqxigpg\ roasrogc gttgsv&g axxoxrc tctqxoec amrarr 3360 



40 



=C CUKTKMC A3CTGI13333 G3W0XIG MO3IQ330G 3420 

3425 



45 



(2) INEOMETCN KR SBQ ID TO: 19: 



(i) SEXJJEKE CWRfiCIERISriCS: 

(A) UNGIH: 3432 base pairs 

(B) TYPE: nucleic 
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10 



15 



20 



25 



30 



35 



(C) SnWEEENESS: single 

(D) lemfiy: linear 

(ii) mitfttttf. THE: ENk (geranic) 
(iii) HYPDIHSnC^L: ND 
(iv) JNn-SE*EE: ND 



(vii) IM4EDIA2E SOURCE: 

(B) CU3E: rlHLKS-IFES-tCBH 

(ix) EE7HUFE: 

(A) tWE/KEY: 5'UIR 

(B) LXKHCN: 1..13 

(ix) EBOUPE: 

(A) NftE/KEf: excn 

(B) LXSTICN: 14.. 1024 

(ix) EETOURE: 

(A) N»£/KEY: intrcn 

(B) DCTTICN: 1025.. 1624 

(ix) FEAIURE: 

(A) NFMS/KEX: excn 

(B) LXAnCN: 1625. .3418 

(ix) FEMURE: 

(A) mE/¥EX: 3'UIR 

(B) IXX3ETCN: 3419.. 3432 

(ix) EEAItKE: 

(A) NWEyKEX: noscjfeature 

(B) KnOTCN: 1032.. 1624 

(D) ODER INR3METCN: /products "IEES 



40 



45 



(xi) SB3JEKE EESCRIFTICN: SEQ ID NO: 19: 

Arasrogx flXKKsroc ujiujnui: asoflASGiG laaGaairos topctjIca 60 
gic aotgitig mxigaict gsktiosc amrarr laciamv 120 



G3IGI K IC3GC (H333I033A MZKMTQC: A^milGX TTCOCTPCA 180 
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oomfiG g333Cikig cmsxmuz cjucixgbk orciosra Gmumr 300 

5 mraswns tt ouigq ct mdsoga oocmhxa annasas KnnsiaxG 360 

C T llTlU fi BG GR3CB3 0 G 0LTIU3CCT G0GHO3X3IG GCTaBCTRC TCKP3C03G 420 

laarnciG uuLHi i uiUG» ultiujgxt gttokdx jottgima racrmaac 480 

10 

atuuuj AiULmn^c ciamnA aaaraacKr (Mcranas &o®gipcc 540 

15 G333TQKHT GWCWVOTS MWCTCIC QTCEIIGIEC TO3TK30G TO3^ATICGG 660 
(EIKB3MA tfOGBMSC TTOIQ3IG3V GJJL'IUllGT 010317033 : "720 ' 

racnras o o oxra r cpgotx •KMGiam arnro aoooa; iso 

20 

MXDUG arD£D«3 MOWGCIA COUUlUlli TJOTIGIGT CDGKWCTT 840 

cMran: husovoz iogmha iuxtckct moctgdqx caticicigt 900 
25 Gsmrcrc aimzoc tos^ . 960 

aranasG 033310303 arsgctoca amnasx aoim Gaxrnams 1020 

CTffifiraST M3VKD3X OJ l U lUULj l L OJLJL1UJXT i^DGTIJOG G3CE&BG333 1080 

30 

CTIOTMPA Q33C333IGIG OjlTlUlUiA 'KlUrJKlTr lOTO^W TOOCEKTIT 1140 

TQ3MIGIG A3333XT33\ AWCT33DX IGICTICTIG m^QGKTIC CTG333TCT 1200 

35 TICXrriCIC aJ3WG&A T0OTG3ICT Gn®AIGIC GIOTGMG CTGTKEICT 1260 

aMmcr t&p&ova otd3icigt Axsnrrr TOsmsac amrair 1320 

jrcrairc Msnmcr gnnm ujcxlugia tpmeecpc axxjmxz 1380 

40 

Q330?m: aGIGCT33 TIGICTCTIG OCTPGTIGIG (3WOOC3V MnmOC 1440 

cia«333m notfOMG qgci&pg&l TnzzPGVG GiKixnm GmroG&xz isoo 

45 TCMC IG3 3G OJ10XTGCA C?Jt33ITIPC KIGICTITfiG TOggSTlM jflfflUaltm 1560 

G3333raa jmmim aarnim 1620 



SUBSmUTE SHEET (RULE 26) 



WO 96/40959 PCT/US96/09629 



- 74 - 



aKDOGirc OIXD33E 1680 

aainox oxs^oc oaroarrr cxx^dx crasmrG jmasmn: 1740 

GMC3GDX TOSStKKA QHKIQDffA GaGKEBTC TPCHC&GO 103031033 1800 

CKKG 03D33IGBX TGmG33ff Gia33tnA 0333903103 JfffflOTItA I860 

i o chosiggig aciasoo jo^^ 1320 

13^33333^3 TOCIEJGIA 03OTJ03G CTICI03333 1980 

TOCK5W3X CSGIPCCS3Z TCTKSKSG OJL . T1T1UX MOGKHr CTSKHOA 2040 

" G0333033 TO3O7I03T GMtHffIC CIO?G3?a3 03C3O33jIC 2100 

COHGICC NUVCPCPa CXB33ETG 00*33310: AjjiuJISA' 2160. 

iac arsraoDOG oxkhhe osoanc jroaascA mai^xux 2220 

31CCIC M033333X MGRCSCDC Gn033rc£ A33I03333V 2280 

aaa^rnirn oasam^ to3^ 2340 

" GTIQ3r33C QDQQjfiQS TCTID303 033333339G TIOaSffCEA 1033330T 2400 

30 C33333CT33 amass 2520 

□3333333X aa^a^ carir^ 2580 

aawoar 03333330 azia33ZKr asxroisc macacos u^u*^ 2640 

35 ctiosposds 03310103 mzkhtct ajsiMKE 03331*39103 acMnnix 2700 

omspscg ( jjLTiibiu- mmm ciasrasc ppGia^ax monn 2760 

G33KTK30V TCrKOXIC TCPOTKITC PCGCFCCKR- 033333339A 2820 

* 

C33iazcra Glorias 033^^ 2880 

CJKW333IA GCmCEPBj SGOTXECBX GTH3AAff*G GIOjIGICIG T03G33333 2940 
J003ia3IC KKTOuICrr aiSCKffiCBR. CM33RW3C MJSG3Z3Qj 030331033 3000 
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10 



15 



20 



25 



30 



35 



GJXTlUmi A ltCTI SQj ASflGIGIjr OtfCTOGIG OCDOSCC CCCPGU3Ck 
IQ3«3m3 OOSKEKXC T33GTKTIG O&KZPCT TOCQOCKET 



5 MHIK CIGCUIITG UUlUIG'ItX CT 



r cnncapcrc asosnnc ^mmcr ftm:rim: 



AJU L ML1UJ filUJOXA Q3II3ID3X TKTSQ3333 £GIG3ffi303 



crraoaas TCiraasrr 



2 AJULLICTCT 



rrppTTTT: ftf-f r r t i-i r rrrrrTmrr aZKWOOC AJIUAUXA mnZKm: 



cnccctcca 



z a: 



(2) INEOMOTCN FCR SEC ID ND:20: 

(i) SEQUENCE CWKOEPISriCS: 

(A) LENGIH: 30 base pairs 

(B) TEE: nucleic acid 

(C) snWNEHKESS: single 

(D) TCOTjOGY: linear 

(ii) M3LEGULE TYEE: dNV 
(iii) fflKJIHbTlCRL: NO 
(iv) ^n-SE^KE: NO 



(vii) DM33ME SOKE: 

(B) CU3B: cHOC-IRES-Cro 



(XL) SEXJJEKE HSCRIPnCN: SEC ID ND:20: 



ccet«« 



ncr axrr 



••••• 



40 (2) INKRffilTCN fCR SEQ ID M3:21: 

(i) SEQUENCE aWBPCTEBISriCS: 

(A) 1EN3IH: 30 base pairs 

(B) TOE: nucleic add 
45 (C) STRPNCEHESS: single 

(D) TCEOOG*: linear 



3060 
3120 
3180 
3240 
3300 
3360 
3420 
3432 



30 
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(ii) MXHXIE TYPE: c£NA 
(iii) H YH J1 H LT1CRL: ND 

5 (iv) ^NIT-SEISE: ND 

(vii) 1MMEDIME SOKE: 

(B) CLOE: oIHES-rrai>071 

10 

(xi) SEQUENCE rESCRIHTCN: SEQ ID ND:21: 
OWIM33S AXKlUaTIG TO3OTGZIT -30 

15 

(2) INEOWATICN ECR SEQ ID M3:22: 

(i) SEQUENT CHWCZEPISTICS: 

(A) IINGIH: 30 base pairs 
20 (B) TEE: nucleic acid 

(C) SIRSNTTTNESS: single 

(D) TCPGLDaf: linear 

(ii) M3JEXULE TYPE: dm 

25 

(iii) HYPamETICPL: ND 
(iv) ANIT-SEJEE: ND 

30 

(vii) MEDIKE SOURCE: 

(B) CLQC: oIBES-rTHD-072 



35 (xi) SEQUENCE EESCRIPnCN: SEQ ID ND:22: 

LYJOSJOOft Q^UjIUX aGSTKICR. 30 
(2) INEO^PiTICN ECR SEQ ID ND:23: 

40 

(i) SEQUENT CffiRTCIERISnCS: 

(A) LENHH: 4499 base pairs 

(B) TYEE: nucleic acid 

(C) SIRPNTETNESS: single 
45 (D) ICEOJDGY: linear 

(ii) MXBDULE TYPE: Em (genomic) 
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(iii) m POmEJIO VL: 
(iv) JNIT-SNSE: ND 



(vii) MdEDDSIE SOURCE: 

(B) QUE: parc-th-cfch fusion 

10 (ix) EEWURE: 

(A) MWE/KEf: 5'UIR 

(B) L3CKTICN: 1..43 

(ix) EEMURE: 
15 (A) ITOE/KEY: excn 

(B) LXATICN: 44.-89 

(ix) EEMURE: 

(A) hFMEyPE^: intrcn 
20 (B) LXAXICN: 90. ,168 

(ix) EraiURE: 

(A) excn 

(B) KTAHCN: 169. .482 

25 

(ix) EEA31EE: 

(A) NPME/MY: intrcn 

(B) LXKTICN: 483.. 1080 

30 (ix) FEMUFE: 

(A) IWE/KEY: excn 

(B) L0C7OICN: 1081.. 2091 

• 

(ix) FEA31FE: 
35 (A) MMS/KEY: intrcn 

(B) HXMIOI: 2092.. 2691 

(ix) H7HIBE: 

(A) 1W€VKEY: excn 
40 (B) IDCKTICN: 2692.. 4485 

(ix) EE7HUFE: 

(A) M^E/KEy; 3'UIR 

(B) LXAXICN: 4486.. 4499 

45 

(xi) SEQLEKE INSCRIPTION: SEQ ID ND:23: 
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t j f t u i i- j ivt rtrrrrma hu imvauv eparaerrr KSKinmr g3£CT335r 



uacncnc ci 



Greece 



cree 



TOCTSDWO CIGHQOCr GX^AICTO 1 TlULLTl'lLT TIG 



3 GIGAKTI033 



cm 



•••ee 



3 cnaxroG (sgtic&bgv 



cce* T e«ue 



••ecr;e 



10 CTffiD33JX CCTOmJCT 



e«e*:ecee 



G3333GH: 



15 



ajiauuuLA j^cnmni MgicronG aarcrosigi itnwccFGr txicigja 



25 



QCTICTD3A G?DMS?C flGXTTIGCA Q33nU3V\. CnXDCSCCr 

OTSOOST OMfim OSTSIKTOG MTOI 7W>ujul*iA 



30 G¥0333¥3T GCXXETIGr CSGTIQ3ffi\ OTGKGWV 



woe GaamcA 



35 



•eeer;«ei 



X3 CJlTriULTlT ATCKEWECT t 



AT 



crtw 



enee 



3 TMKIGOC OCT 



45 



60 
120 
180 
240 
300 



OL ' lUJllM ' G333XE3G AdUUJUULm 003ffi3SG CPLTiUUG-T 360 



K NGJBJIPCG GXErnCBI GECCIOOGSG 420 

dGST GBGGCIGnC CHEBQEG • 480 

oa aanac iuj j i u ujjl: umaaaos tuo33xg mg3ecitc ' 540 

20 QgQMmx: GSCTGOSIT TGICTOIRIG TgaTTTOCA erHTOTiaX GICITnGX 600 

MK3H3G33 0JHME TG3XCT5IC TICmaOA QSCKQSG 033OTTX 660 



720 
780 
840 



M33IMnCA 2C2W3333CT GRSG3QQX CTfflBGGmC OXSnGIRT (JijAHLTCKT 960 
OG333XIC Q3D33O0G OTDOIGT GHTKJIUA GSTI TWVm Q3ICIPQ3X 1020 



1080 



\ COQ3ICSCE 1140 



40 fflsrnoo : cigoosa coasmc octgciict asmrar gmhug 1200 
asiaswi: tgktiqch-a aaroccnc cpgifowx: rauinvcz mnnnxr 1260 



1320 



acmracm acp g axiG craasccsc ciG3G23rr iuau'ilt oswrnscc 1380 
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CSOGSOG O^OJXPG TCIgmJT CTiraKSC 1440 

033 O33ZT roarroo G Memroa x qsicdost ciimEKR irncrax isoo 

s raoaax r Tcnnspsrr in$H3?oz odKuncc annaxic cictdtmg lseo 

OTOOG A3TH7QG aOXTOSG UUT1UUUC MGIMXKr UWLLUUC 1620 

OCTSnCIC a3030TT QSCnOOT CTCIG3333: CJEP&W3V\ 1680 

10 

SftfilTCfiAA mCKDC GSK3B033 TI003IQ3 PHnCGGGCl JEGDWOG 1740 

M33330: TOTG3CTIA T 3S H 3CH335 CIG3IGICTT CCT033¥3\ <CTCT33C 1800 

15 TOXIGiaC MaSGXICA TTIOm^C JOOTCKE TGIGJOIT 1860 

TfiCT3«3aC imJJJKZk GXIGIGEPC THGIGTCDS JOGmCM ITOIM 1920 

(30^0Tia\ aULbTA ZC OflmEKT lUUUlUft GITIGmE ' 1980 

20 

Cm'imjCT KHJOGPCPOZ CHOOm mODTO CllUaflgBS 2040 

KnCTX OJ1G3XCTC AKK33EBG3 2100 

25 Manner a ao cnaxc auixnwc gtito33x GRKuuLTr asw^n: 2160 

aajiGiro r TiGicmmr ctwitdx immnrx ascrmas OTHGiraos 2220 

Q3H33ftSC CK333JCT3r Cl'lLTlUMS PBJKTIUJ1A Q33GICITIC 0XICIO3X 2280 

30 

iwawasz NUJinrsn geigkeig ppg&kzpg Tiancrasv motctka 2340 

p&chvcpa anciGmr ctoxtttx mm mum ismore 2400 

35 aunuiuuL; qctwpgx miGim sokpceig cpmuxji: kpkeccpg 2460 

roenmiG toct to gkt asnciGS^ KgGiowg qxtckct: araasiaric 2520 

PKjvazxr. ■rawBsrac azawnrh aroarcm laaarcicA icramrr 2580 

40 

03aiaC3OT OJITIK MG HilTJKjlUi KHDCTOX amBaOC 2640 

roggaas r gstttkeit t^aaapoc GocsiraGc tkhotc aiGrax 2700 

45 AJJLLUJ1U3 OJUlLTlUUr GaOflO CT C GiUJJlUJC 103033^ GLL'IOUJX' 2760 

aomm totcteea craarcciG etnm asmnom gcigkcke 2820 
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flga can jogjxjoa smocm: Yiuanac uuarcmsa, aciawns 2880 

QSIGIIXIGr TIQ330GIC G303-BG33 G^CIOSGV AKJinCPCIT G3D3SIQ3C 2940 

5 

TG3CT3QV G33033DX CISCmQaS GMGCCTI-A GIG8D3CBA. G3333G3IC 3000 



cpccns&cr (JZPG&G&i Mrmr cnzxxxnc imi&CTCc fflranG 3060 

io miaxicr Kssag irnaaTEE TGitsnxDv Maaaxr oroaoac 3120 

033m3icc arnasiom roa a ncCTG eraamn: uxoanxCT aaGicnfle 3180 

/W3O0U33 (IHQOOC G333303e M33K33G: 0030011: 3240 

15 

Mnmn ignma 003333a: jogsgoo: u.u.li.i.ua CGiraaac 3300 

0333333a: K3mC3m CTOGTODC C3IGF03SGC CTTOD0003 5 • 3360 

20 OmOTCE TCKIGIPCEA A3DGM3331 JO^miCT G3I03a7C 3420 

AD33G3ICT lOAjlUJX a3XSGTIC ®ff030IX COTCTIOG 033300 0 0: 3480 

SO03«3V T3tfa3J33V G3330CWC Tll ' lULUJlL M3IG3R3E 03CT333X 3540 

25 

h Aiijumm cgmygG g«33G3r tctxttogg ojaTrrnr: 3600 



«iccc«etv 



lanajffir T o ernrr as^srKx: tfoiowjz ooosigrt apogzu33 3660 

30 anran otottox ceigbct*: jrao s ax to ctj ct t arann: 3720 

jaaaasEc 1 0 3 3 > am: GPomxc mtamiiA laxnxgA osoaur 3780 

T l u am iA CmEPCIG OU3&CPPG aamS 3840 



35 

OTiaorcr lamara crrcczoos c?anG?ra5 qgcgmget gsioogig 3900 



cn33CT333 ? mma a aooaic giga?og33 rasoxm omrzoc 39eo 

40 TIOCMSm TQmJGIT gSOgffilC GIGICIGIXr Kmgggv CGIQZIOgC 4020 

aW€P2CPC OSGOOD J¥JJLTO£DZA CTKI333EC 4080 

CI03G3ffl. IGKIEm CT0GIG3C TOmi QfflU^UItL 4140 

45 

raranrnr: TO30XIG3 LT CX H33C SSGDdTQ: CSOSnOWC 4200 
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TCIG^mG OJXJ7G3J3 TCIGKXTIG M3GITK£ CKXOIGDX 4260 

TCTTCTOCT TOMCna. GZIGCTO^G GOCTGOXG (JLTlQiXE OnUItXAIG 4320 

5 aosMCA ujiujiuujj asrenrnc amnscr GaaiaoacA glujjigxt 4380 

scwasinr a^mMmxc criaraax cmxrgxa cujiumr 4440 

cmmgr azmsnrr avoaacr gjjxzpwg coswogig (ijx-n:nr, 4499 

(2) INEOMCTICN KR SEQ ID WD: 24: 



10 



20 



25 



(i) SEQUENCE CHRR?OEPISriCS: 
(A) LEN3IH: 30 base pairs 
15 (B) TEE: nucleic acid 

(C) STraNEEHJESS: single 

(D) TCKIiDGY: linear 



(ii) MTFTTTTF, TYPE: dm 
(iii) ffiPDHEnC^L: ND 
(iv) JNTI-SENSE: NO 



(vii) BMDKEE SOURCE: 

(B) CX£NE: oIRES-074 



30 (xi) SEQUENCE EESCREPTICN: SEQ ID ND:24: 

pmujjjjj ajxTCKa: tujluxux: 30 

(2) INECRGIICN SEQ ID ND:25: 

35 

(i) SEQUENCE QVEPCEPISnCS: 

(A) IEN3IH: 30 base pairs 

(B) TEE: nucleic acid 

(C) SIBMTTWSS: single 
40 (D) TCEOrGf: lirear 

(ii) MirFTTTTE TYEE: dm 

(iii) mEOnETKSL: ND 

45 

(iv) 2NEL-5ENSE: NO 
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(vii) MtfEIME SOKE: 

(B) QUE: oZeocin-077 



(xi) SEgBCE EESGrUPnCN: SBQ ID ND:25: 

CI COOG30CTC 30 
10 (2) INEO^TICN KR SBQ ID ND:26: 



(i) SEQUENCE CHBKOERISTICS: 

(A) IENGHH:. 30 base pairs 

(B) THE: nucleic add 
15 (C) SIKMniESS: single 

(D) TCraJDGf: linear 

(ii) MTRTTTF. TEE: cENA. 
20 (iii) HYPCnHETICSL: ND 
(iv) 2NIT-SENSE: ND 



25 (vii) IMEDME SOKE: 

(B) OQE: 0IEES-ZeocirH)75 



(xi) SEQUENCE rESCKETICN: SBQ ID NO:26: 

30 

GXAIQ3TIG T33CaaGCIT 

(2) INKR4KTICN KR SBQ ID ND:27: 

35 (i) SEQUENCE CHPRPCIEKESnCS: 

(A) IEN3IH: 30 base pairs 

(B) THE: nucleic acid 

(C) SnraNHNESS: single 

(D) TCraaar: linear 

40 

(ii) M3LHHLE TOE: dm 

(iii) HYFcamrcPiL: no 

45 (iv) JNH-SENSE: ND 
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(vii) MEDKE SOURCE: 

(B) CIOC: oIHS5-ZeociiH)76 



5 (xi) SEQUENCE EESCKEETION: SBQ IDND:27: 

CTIQI3QA C m OGCPft GHGmCT 30 
(2) INFCR^TICN KR SE3Q ID NO: 28: 

10 

(i) sequence am^cMtisncs: 

' (A) LEN3IH: 5540 base pairs 

(B) TYEE: nucleic acid 

(C) SIKWHMSS: single 
15 (D) TCHUDGf: linear 

(ii) MJHIIE TYEE: INA (genanic) 
(iii) HfKmETI&L: ND 

(iv) JNTT-SENSE: ND 



20 



(vii) 3M^nCME SCXKE: 
25 (B) QUE: FCMTPCIH-n^-TH>IRES^^ 

(ix) EEKTUPE: 

(A) 1®C/KEY: 5 ? UIR 

(B) LXKTICN: 1..118 

30 

(ix) EEEltEE: 

(A) r^MEVKEX: excn 

(B) LDCOTICN: 119.. 164 

35 (ix) EEMWE: 

(A) NFMEyKEY: intrcn 

(B) IOCSTICN: 165. .243 

(ix) EEMUBE: 
40 (A) N»£/KY: excn 

(B) ITDHTCN: 244.. 557 

(ix) BEKTUPE: 

(A) MfcE/KEY: intrcn 
45 (B) ID31TCN: 558.. 1155 

(ix) EEKCUPE: 
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(A) m&/¥Ef: excn 

(B) LXKTICN: 1156. .2166 

(ix) EE?mBE: 
5 (A) tWfi/KEY: intrcn 

(B) I£X3ffICN: 21OT..2766 

(ix) FEAHEE: 

(A) NMi/KEY: excn 
10 (B) KOHTCN: 27&7..4560 

(ix) EEKIUFE: 

(A) MfcE/lSY: intrcn 

(B) KXXHCN: 4561*. 5159 

15 

(ix) EffllURE: 

(A) NBME/KEX: excn 

(B) LXMTCN: 5160.. 5534 

20 (ix) HTflURE: 

(A) 3 ? UIR 

(B) KXanCN: 5535. .5540 



25 (xi) SEXJBtE DESCBIPnai: SEQ ID ND:28: 

Mmm QJfGEBCG G AIOCTCPCT MHnni i03D3CT3G AATICKI2G 60 

im ilimU i O CS33D 332 a3D3ICMX OTffGICSV (OGiraCEG TOCTDOKT 120 

30 

omsGCPaz maCTira er tctkeiwt gzzgkeit p&aznvas oxtoxa&g iso 

TCnSWOT 00331021 AA?OCIGIG AOGIG33A T3CTTIQX THOTICIA 240 

35 OG93GK»A TTO33CTTIC aHJi'-TKi: OOBGIT CIGOQ3X 300 

M330333 03033*21 033X33303 UUULIUJLIA TO^CETA 033333303 360 . 

(xmrro^ asooriG nr^^irym" <jo&gv&a q&o&ggbz arasaasA 420 

40 

T33mm ojjjiujul l jmmirA pazawjjz cmjmmx rinwsvzr 480 

cnygffgc asoraxc cramsra: tgticaaaaa cgdoodec mmhtt 540 

45 03GII3G33 000113201 (JJL'IUIOXT UJJUUJULLL TAKETnO 1 600 

G3335¥*3X a31G3tffl& AJjJ JX TCT UJJlTlb'lLT AmiGITATT 1TCCTCEKIA. 660 
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ITOD50T TK33C7«IGr G&33JJJ33 CIGICnCIT SffiOTT 720 

cn?0333ic Trimuc r axeafiraa, jaocaraaic tctictaict asflaaoaA. 780 

5 

gl^ctiuliu rasvanc ttsvooa jomoIudg raraicr tiotoisg 840 

assmrc amaaiA 900 

io anacRAMs ootm; raGiaxyc Gnsv&Gn aarasnGr osmsm: 960 

jgy gggcicr cnovmsr atkwovg ujx'il^gs muiu&A gjskjxuw 1020 

romroaar ai ^ iun^G auiu^ia: Msnaam osmuitia GrcxaGsrm ioso 

15 

ivmuzvcT r uuxsnu irnxxnE jQaiGsrrrr armCTaaa jonaigg 1140 

MCT i axa OTmaaoT ojj l tx t k: gjv&vppg tgkggkot qsowjIgt 1200 

20 OOTCCIQ3 TCPCE&PGTT ITXTTMr C30GKEI03 MGBCXP33S CnCOSC 1260 

aonGKic GDCHnnos GKonGOT azT^GvriG oji'illpgia ava^cxnr 1320 

QymvOTc anHGiasi otooocg av^^nc ctkeig^a a^osi&rax 1380 

25 

GTCTOrKA K3333 XR TOTEmET CICTQ3333S MmB Q33ITKCTG 1440 

CTICT33 BC GSPOSia G GOOSECC GSmGKE 1500 

30 CL L T1 L T1 1 A A33mSC IQ3CTKCTG CTOTO TamglCT JOGKD3X 1560 

aaKSTITIC T3333dCT Q3JCTI03X GIGITDCSAT GJVC&GIh 1620 

G XTOJ IO C CSCKCT3X AK?GuIGIT 1680 

35 

a muriuj ggmnc aitiujul^g ticiotmg jonaacr laarcoG 1740 

Q333XK3G ?3&&3mr TCAAAAACIC TCnraHGT ACIG3TTCSC 1800 

40 GGG33SGIA MQgtfflGS QGMCTGBBG GLTi m U^IG C?Q3CT3CT CSCITCCrPC 1860 

asmox iorjiux t GiaomG cnrai csmnnG^ craooov 1920 

imnm x&inwaz tktpgccig iimrmur gioihsg: 1980 

45 

TTOfflDGMS C&PG&CPA GZICPG&PC TAITITICIC CTAHDCSG33 OOCSTOCr 2040 
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OJL'lLUL'lUi P LUJ3J D J 2l u a JK M CI G (XHEGCPCI G0333TT 

5 Armagmr aesq^kxg oxnaa r irxmrrrr aaaanmc roms^oz 

UJLTMg ftT fifl33XG5IG TOCTTIGIC TKKDSTIKr TTKOOCOT OTIGXCTCT 
Tl'lULLM IG 1GPQ33XD3 CTSBCTaX CTi m CTlLT TCTOgGCTT TCCTM333T 
CTTKDXIC TO33a?«33 MIQCAft35r OCTICTATC TOLiItS^IA JOTGTTCLT 
OQ3«mT CTIGPK^ M3tfmtCT GTOQI5GX TITOSffiCA G333&OJJZ 
15 CDOIEG333 iO¥3aIGXr CK3333I3A 

G3333£WC 033GKXIA OSnGKSGr TGGMBGTIG IGG&AK^GT OW^UXTC 



10 



20 



TCOOW333 Wn3tfOA 0333Ciraffi Gmm3£A M3I2mXA xiuiMUiA 
(JJXlUijlG OOaULTlT JOIGIUTIT AjllLSLLTr i^AAAAfiQSIC 

Mnn m owxzmis (sanGsrrr iiriTiuffl A PKic&xsi togcttqx 

25 JEBMCMET Gb'ltUXOC TTCCIGSKA lULTOGIGK 

nC CD33ra?G OJXTKDX TIOTOOTE armOX 0503330: 
Z3GT raOGBECAT OOTM033 OTHmXA TCTCITO CCTXIG3IG 

cms^CTCA TmjiGaiCT aaumuc jflGiaisrc: gaiayaiT Gsra&aGsr 

S OT35D33 lUJlUXGCT C T3O03^C Q333XDO TIQ333an: 



ce«i«cc 



«ice* T e 



30 



35 aramm: Ajjiium 1 qsctxoc oaroa: motcigcg 

jCKDggc auim^ J LT (ncriCTPG Aujjm ' iij gaxiGiav oima?c 
B Koaaas khctoc cGiocHinG cammm g ' lujiu^ ga, axujiaos 

40 

TCtCTmsr cnaggoc flii m dj im aomgr Tosamsr OTananG 
Mmm Tcaxspox cuuximx ocraom: craacKiaA aacamc 

45 CCOSCGICE CCPGJ>C2CC. ALJLWJlliiT OSti-'lUJjG 

s mCT ioc amnaa cjaasiaaG tpo?g3xa txtckha axzPK&G 



2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
3060 
3120 
3180 
3240 
3300 
3360 
3420 
3480 
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5 



15 



UJLL'lUJIUJ G3ICTI03G I G33333335 tfHTOSffC CRIUJUJJC 3540 

ito m; (rKmoc aw30C3«; amm3x iovcticig aosraasiG 3600 

ClUdJUUJLT G3300 3G33 CQ33W3X TTnPCEPCZ CFGU3W3Z M3XK33X 3660 

nmmn: cmraa nc ocancic amoM; tictcitoca o^dxtog 3720 

10 GIGAMOG (JJJJJJUULA CHO.BH j.! AKXUJJIGT KHKICOOC TG333G03S 3780 

a rn aa33 aaarracKr gsotgsx craEireR amspar ujimjiL 3840 

(DOQMSm a33XnOCT CEiamJT T7033033 JOZGIG3C 03GC3G3X 3900 

rr o maaiiA otuteht tctoox jomra mmm ' 3960 

CTGIOnOX CM3303X CgggQG flGflOSIHft (SBSOffiC ' 4020 

20 ooom ao moA oggflococ: jrarnaagi msiosigic TSiamro 4080 

□3003033 TOECECCIC TIG30a?C 4140 

G3333JTO3 GGBIOITOGA ajfflTO GICKOKIG TOCTCTOA OmJGPGG 4200 

25 

o caas g: iL i ua ree aaajGrosc cnarnac igsobgia mam: 4260 

Gi®K2G3r mm gswjiuuaj ramn; msgsiqct axioms 4320 

30 ' mojjium TOXCi GSft. aarna^c amraiac: icwmirr Gram 4380 

CDmro CMM TOGGOIGIGC COTUCK333 03CT3»AT 4440 

n?^K?m* TGCOOgg CGIGKIM5 TIOMGO: OCRUUL'llA ClULULMX 4500 

35 

joxMznc jg y j jjm; ami n o: GrraciowcA Tocrogaas (Mom 4560 

AijiujjjUa a uimoc r qccioct x odcct^cgt lycnmm imuji'ia; 4620 

40 MnmTTG 00333ITT GICMMCT WITIOX: OffiOTtnE 'ILTITIUULA 4680 

ADSDgGGX OGQGftAACET G333CT 5CT TCTIQmC OSICITTCCC 4740 

aaaiim pazppxjxk GjIuctka mgiOoICTA ogggyGrr ancios^ 4800 

45 

cnernMG iowovcg iciGcmA arrrraac c&ocq&pc cuukcig 4860 



SUBSimiTE SHEET (RULE 26) 



WO 96/40959 



PCT/US96/09629 



- 88 - 



G33CK33IG C LXTO CO X TKBULlUA PPB3J3J2C 

J^OJTPGIG CCPCSTTGTG MIT330BG TIGI03WG J03AR1G3 OCICEIU& 

5 a xaKn ca ft. ca?raiOG aragflocn: kpkeipcz cikfigikig oaiciggc 



10 



20 



30 



35 



3 GIOCKKKE TnTOOGIG TTffiGIOGBG GTMAAAEC GIC 



dOTnC 03330303 TlTlUJmU ASSAW303A TSflJ^GTIT 

OC3GIGX GTIILUJIUJ lOmHTG aSUoiUJJJ Q3G333ICG 



A3ITCK33C 



er» T er* T «r. 



C TT 



15 TG5 D ' "J-a aamrrafr ( ■[ r, ' HV ATrA ar urwi % 



are Gramaov 



Aocmax auijTCKG gt 



e i e • e cij>< ei 7 e 



TOSICTOTC GSOTCraS (303X1033 03X01131 GmSffllC Q3CISG3Q3 
G G3 CTT03X ClUJUULK E C330O3Z2A CT3CED33C TKGIQ3CD3 



•eneeeect 



M3K33G3A citsciuaG 



25 (2) INEUWOICN ECR SEC ID ND:29: 



(i) SB3BCE OffiRftCERISTTCS: 

(A) LENHH: 829 base pairs 

(B) TYPE: nucleic add 

(C) STOPMEHESS: single 
P) ICEOrGir: linear 



(ii) MIHULE TXEE: ENA. (genomic) 
(iii) HYPOTHETICAL: ND 
(iv) MOT-SENSE: ND 



4920 
4980 
5040 
5100 
5160 
5220 
5280 
5340 
5400 
5460 
5520 
5540 



40 



45 



(vii) IMCDDOE SOKE: 
(B) QUE: Profits 

(ix) EEAHFE: 

(A) N^E/HEX: 5'UIR 

(B) KOSTKN: 1..16 

(ix) EEfiUFE: 
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(A) NPMEyraX: excn 

(B) IOMTCN: 17.. 820 

(ix) EEKRFE: 

(A) mE/KEf: 3'UIR 

(B) LXKTICN: 821.. 829 



(xi) SB3ECE EESCRIPnGN: SEQ ID ND:29: 

aasremc Ggmns anas arca ggcnro ktrbctx TsnoaaB 60 

( m x a x x 00333033 igj j iiii-A aigjojcbg ggiocnm ojium:iA 120 

15 anrmsiG cocrmg E jmcaEcrT ct i uxtiuj GiMromar cmm 180 

AJ1UXT1LT CTfflRRMTT GSS^ttTIG OWOMCIC CIQ3G3IGT 03WD3GA 240 

ULTlOJlim Q3m3Q*5 P&mEPGC MffiMT '300 

20 

O^I7m3WV AD3I?aQ333 GjriUYKSA APGSKKm ULLTICAI^ JOW^KIA 360 

it^GLTrmr axsiasKi: acw^asi 03xmig3\. flsitaffiia: tossmgds 420 

25 CTATmra- TlO m ^Ol lUXSUXIA ATTXTO^ 480 

CCIG1TAAAA CSLLTICIULJ JWOG332A OSIMCOa: JUMIQG 540 

C^GKSOMT (?03\P£3\PG T3m^OG TTCETCPOG QTTIEAPCEG 600 

30 

AzmnraA ciqs^ig apgxabpga (Hcdctc ramrans gotckksg 660 

iv&G&azr GGirm 03IG3eg3v ccmowv (EsiAiaaG Gmam 720 

35 aimiuLD Go r icio: (x i crja cm pg&cec&a jctpooca pp&pcnnz ibo 

TOWEH-BA N&P&HTCG GMGMTIKr GP&SnTTPA Ub41u.LUi 829 
(2) 3NECFMKTIQI FCR SEQ ID ND:30: 



40 

(i) SEQUENCE CHAFtfOBRISTICS: 

(A) LEN3IH: 598 base pairs 

(B) TtfEE: nucleic acid 

(C) SIBBNEHNESS: single 
45 (D) TCFCiaar: lirear 

(ii) MXHUIE TEE: ITCV (geranic) 



SUBSTITUTE SHEET (RULE 26) 



WO 96/40959 



PCT/US96/09629 



- 90 - 



(iii) mFODEriCEL: NO 
(iv) 2NIT-SNSE: ND 



10 



(vii) MfDIKIE SOKE: 
(B) OOE: : 



(ix) EEKFUFE: 

(A) intrm 

(B) KXMTCN: 1..598 



15 



20 



30 



(xL) SEQUENCE EESCMPIICN: SBQ ID ND:30: 

gggianc (X'lt'iujL'ii: oujjiu.fr mnnFCTG QcasvajE cnoaKmA. 60 

oamGicm, rarcnarrr tototekt iuullultit tstmiuig 120 

aamaa Mngm ictctietig jnaranc emGaosicr ttoulojil iso 



O GI 



river, 



omcrrcr qswlltict 



aomffi Ti mi^ r m qwtgtigig ®A?mnav miuctcic C3CSPGD3iA 

TIQtfOMS OJJll^ 33V T0Cn7O^3 GBOXDET GTKIG3GKIC 



35 OjIUaiTriL: CITICTAAPA MCTIGXaC aflCDflQS 



240 



25 TGWK-yDffiA CMCGICTST TGCM3CEG3 OSfflCDIIE 300 

/anoxicr gjhctaaa. gxkeigia tpp&xkpc ciaowra: ajzavcoz 360 



420 
480 



criamuLA c mmm : AiGiGrrgG iqaosnm aaapcsicia ujujuxrm 540 



598 
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(PCT Rule IMus) 



A. The indications maue bemw relate to uic microorganism referred 10 in the description 



on page 



54 



JineS 14-23 



0. IDENTIFICATION OF DEPOSIT 



Further deposits arc identified oo an iddiucna J sbeel ["**] 



oi dcposiurv institution 

American Type Culture Collection 



Address ol dcposiurv insulation amtummw pouaitodm 
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12301 Parklawn Drive 
Rockville, Maryland 20852 

United States of America cell Line, RINa/ProA/ 
Identification Reference bv Depositor . P030/P08B 



Date oi deposit 

07 June 1995 (07.06.95) 



CRL 11921 



C ADDITIONAL INDICATIONS tU-mm 



tfmm m^ka k ic , This 



In respect of the designation of the EPO, samples of the de- 
posited microorganisms will be made available until the pub- 
lication of the mention of the grant of the European patent or 
until the date on which the application is refused or withdrawn 
or is deemed to be withdrawn, as provided in Rule 28(3) of the 
Implementing Regulations under the EPC only bv the issue of a 
sample to an expert nominated bv reques ter (Rule 2a(4) FPn 

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if dm in i i nm m n mn mm ^mmU rfwp— rf T lai n ) 



EPO 



E. SEPARATE FURNISHING OF INDICATIONS (hx~bUmki(mm «ppocs*H 



toted below wilt be submitted to the truernanonaJ Bureau teta <axsBb/>ia* 



\\n This sheet was received wttb the imenauonai application 


3 Thaabcetwmsreoetvedby the International Bureau on: 
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B. IDENTIFICATION OF DEPOSIT 
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application has been laid open to public inspection by the 
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public inspection, samples of the deposited microorganisms 
will be made available only to an expert in the art. 
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WE CLAIM: 

1. A cell stably transformed to produce at 
least one analgesic compound from each of the groups 
consisting of endorphins, enkephalins, and 
catecholamines . 

2. The cell of claim 1, wherein the 
endorphin is fi-endorphin. 

3. The cell of claim 1, wherein the 
enkephalin is met-enkephalin. 

4. The cell of claim 1, wherein the 
catecholamine is norepinephrine or epinephrine. 

5. The cell of any one of claims 1-4 
wherein the cell is a RIN cell. 

6. The cell of any one of claims 1-4 
wherein the cell is an AtT-20 cell. 

7. The cell of any one of claims 1-6 
wherein the cell additionally produces a compound 
selected from the group consisting of galanin, 
somatostatin, neuropeptide Y, neurotensin, or 
cholecystokinin . 

8. A cell transformed with a DNA encoding 
POMC, a DNA encoding TH, a DNA encoding DBH, and a DNA 
encoding ProA, each DNA molecule operably linked to an 
expression control sequence. 
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9. The cell of claim 8 wherein the cell is 
transformed with pCEP4-POMC-030, pcDNA3-hproA+KS-091, 
and pZeo-pCMV-rTHAKS-IRES-bDBH-088 . 

10. The cell of claim 8 wherein the cell is 
transformed with pCEP4-h POMC-AACTH-032, pBS-CMV-proA, 
and pZeo-pCMV-rTHAKS-IRES-bDBH-088 . 

11. The cell of claim 8 wherein the cell is 
transformed with pcDNA3-hPOMCDACTH-IRES-rTHD-IRES-bDBH- 
IRES-Zeocin-073 and pcDNA3-proA+KS-091 . 

12. A transformed cell producing at least 
one enkephalin, one endorphin and one catecholamine, 
wherein the cell is transformed with: 

a first vector containing a DNA encoding 
POMC operably linked to an expression control sequence, 

a second vector containing a DNA 
encoding pro-enkephalin A operably linked to an 
expression control sequence, 

a third vector containing a DNA encoding 
TH operably linked to an expression control sequence 
and a DNA encoding dopamine beta hydroxylase operably 
linked to an expression control sequence. 

13. A method for treating pain comprising 
implanting at an implantation site in a patient a 
therapeutically effective number of the cells of any of 
claims 1-12. 
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14. The method of claim 13 wherein the cells 
are encapsulated in a semi -permeable membrane to form a 
bioartificial organ. 

15. The method of claim 14 wherein the 
bioartificial organ is immunoisolatory . 

16. The method of any one of claims 13-15 
wherein the implantation site is the CNS. 

17. The method of any one of claims 13-15 
wherein the implantation site is the sub-arachnoid 
space. 

18. A method of producing a cell that 
secretes at least one enkephalin, one endorphin and one 
catecholamine, comprising transforming the cell with a 
DNA encoding POMC operably linked to a first expression 
control sequence, a DNA encoding pro-enkephalin A 
operably linked to a second expression control 
sequence, and a DNA encoding TH operably linked to a 
third expression control sequence and a DNA encoding 
dopamine beta hydroxylase operably linked to a fourth 
expression control sequence. 

19. The method of claim 18 wherein said 
first, second, third and fourth expression control 
sequences are identical. 
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20. The use of the cells of any of claims 1- 
12 to manufacture a medicant for treatment of pain. 

21. The cells of claim 20 wherein the cells 
are implanted. 

22. The cells of any one of claims 21-22 
wherein the cells are encapsulated in a semi -permeable 
membrane to form a bioartif icial organ. 

23. The cells of claim 22 wherein the 
bioartif icial organ is immunoisolatory. 

24. The cells of any one of claims 21-23 
wherein the implantation site is the CNS. 

25. The cells of any one of claims 21-23 
wherein the implantation site is the sub-arachnoid 
space. 

26. A bioartif icial organ comprising: 

(a) a biocompatible, permeable jacket 
surrounding a core; and 

(b) said core comprising at least one 
living cell transformed to produce at least one 
analgesic compound from each of the groups consisting 
of endorphins/ enkephalins, and catecholamines. 

27. The bioartif icial organ of claim 26 for 
use in treating pain. 



SUBSTITUTE SHEET {RULE 26) 



WO 96/40959 



PCT/US96/09629 



- 95 - 

28. A method of making a bioartif icial organ 
comprising encapsulating a core comprising at least one 
living cell transformed to produce at least one 
analgesic compound from each of the groups consisting 
of endorphins, enkephalins, and catecholamines, with a 
biocompatible, permeable jacket. 

29. The use of a bioartif icial organ 
comprising the cells of claims 1-12 in manufacture of a 
medicament for treating of pain. 
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